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FOREWORD

Among the responsibilities assigned to the Office of the Managert
National Communications Systemp is the management of the Federal Tele-
communication Standards Program which is an element of the overall GSA

Federal Standardization Program. Under this program, the NCSv with

the assistance of the Federal Telecommunication Standards Committeet
identifies, develops, and coordinates proposed Federal Standards which

either contribute to the interoperabillity of functionally similar Federal
telecommunication systems or to the achievement of a compatible and

efficient interface between computer and telecommunication systems.

In developing and coordinating these stnndards a considerable amount

of effort is expended in initiating and pursuing joint standards develop-

ment efforts with appropriate technical committees of the Electronic
Industries Association, the American National Standards Institute, the
International Organization for Standardization, and the International

Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents

an overview of an effort which is contributing to the development of
compatible Federal, national, and international standards in the area
of digital facsimile standards. It has been prepared to inform interested
Federal activities of the progress of these efforts. Any comments, inputs

or statements of requirements which could assist in the advancement of this
work are welcome and should be addressed to:

Office of the Managrr -
National Communications System
ATTN: NCS-TS
Washington. D.C. 20305
(202) 692-2124
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1.0 INTRODUCTION

Several organizations have submitted contributions to the CCITT

(see Appendices A, B, C, D, and E) describing two-dimensional coding

techniques for selection of a standard compression algorithm for

advanced digital facsimile systems. At tne December 1978 meeting in

Geneva, a working party of CCITT Study Group XIV adopted specific

procedures to measure compression and er.or sensitivity so that candi-

date coding techniques may be compared on a meaningful basis. These

definitions and procedures are outlined in references 1 and 2. The

National Communications System of the U. S. Government has issued

three contracts to Delta Information Systems, Inc. to evaluate seven

candidate two-dimensional coding techniques using the criteria

recommended by the CCITT.

In the first contract (Purchase Order DCA-79-M-O105), a basic

computer program was developed to measure the compression and error

ssivity of digital facsimile coding techniques. To validate this

program, the Modified-Huffman code, recommended as the one-dimensional

standard for Group 3 machines, was tested and simulated on the model.

The computer program and work accomplished on this initial contract

is described in a Final Report issued August 10, 1979 (see Reference 3).

The document contained herein is the final report describing the

work performed under the second contract (Contract DCA 100-79-C-0031).

On tnis program, the validated computer model was used to measure the

compression and error sensitivity or five two-dimensional coding tech- 4

niques. The five coding algorithms selected for simulation are

described in the CCITT Contributions which have been reproduced in the

appendices listed below.

ili 1-i



Appendix Source of CCITT Contribution

A Japan

B 3M Company

C IBM Europe

D Xerox

E AT&T

The coding techniques listed above were selected simply because

no other contributions had been submitted to the CCITT when this NCS

measurement contract was initiated. Contributions were subsequently

submitted to the CCITT by the Federal Republic of Germany and the

United Kingdom (References 4 and 5, respectively). The NCS organiza-

tion has issued a third contract (Purchase Order DCA 100-79-M-0209) to

Delta Information Systems to measure the compression and error sensi-

tivity of these latter two coding techniques and the results will be

issued in a report in October, 1979 (Reference 6).

The measurement parameters which were involved in this program are

summarized in Section 2.0 of this report. Soctioi 3.0 describes

the hierarchy and Intorrelationship of computer programs which are used

in the measurement process. In many instances, the proposed operation

of the coding algorithm was not totally defined when a transmission

error was encountered. Section 4.0 describes the generalized error

detection and correction procedure which was employed on all algorithm

simulations. As the computer programs weie prepared for each algorithm,

certain assumptions were made for each coding technique, particularly

in the area of error detection and correction. These assumptions made

for each individual coding technique are documented in Section 5.0.

1-2
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Twenty separate computer runs were implemented for each algorithm

at different combinations of test document, error phase, transmission

error file, minim= scan line time, vertical resolution and K-factor.

Section 6.0 sumuarises the results of these measurements in terms of

compression data, error sensitivity data, and coded line length statis-

tics. Section 7.0 contains a list of reference documents related to

the contract.

The CCITT contributions describing each coding algorithm have

been included in Appendices A through E for reference purposes.

Appendix F contains the program code listings for those subroutines

which are conon to all algorithms, e. g. data packing, data unpacking,

error measurement, etc. The remaining ten appendices, G through P,

contain the flow charts and the listing of the code for the computer

program for each of the five algorithms.

Delta Information Systems wishes to acknowledge the Contracting

Officer's Technical Representative, Dennis Bodson, for the extraordin-

ary level of support he has provided during the course of this contract.

The assistance of Marla Thomas, from the DCEC computer facility, is also(

greatly appreciated.
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2.0 MEAS T PARAMEERS

In this section, the various parameters invo.ved in the measurement

of compression and error sensitivity will be summarized. In general,

Study Group XIV of the CCITT agreed upon these measurement parameters

at the general meeting held in Geneva in December 1978 (see Reference 2).

2.1 Test Documents

The test documents were chosen from the eight CCITT test documents J

(see r'igure 2-1) since they have been widely used by data compression

experimenters in the past. Documents numbered 1, , 5, and 7 (see

Figures 2-2, 2-3, 2-4, and 2-5 respectively) were selected as the

standard test images since these were considered most representa-

tive of documents to be transmitted.

The French PTT Administration has scanned the eight CCITT documents

at the high resolution specified for Group 3 machines--7.7 lines/m.

They have also quantized each pel to be either black or white and

stored the resultant image on magnetic tape. This tape was used as

the source of input docu-nents in this simulation program. Appendix B

of Reference 3 describes the format of the test document magnetic tape

supplied by the French PTT.

2.2 Resolution

It was agreed that measurements would be performed at both

standard resolution (3.85 lines/mm.) and high resolution (7.7 lines/mm.).

In the high resolution case, all lines on the input test documents

shall be used. In standard resolution tests, every odd scan line

2-1
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THE SLEREXE COMPANY LIMITED
SAPORS LANE . BOOLE - DORSET. BH 25 8 ER

Tnumm soNI woo (94513) 51617. TLEX 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,
Berks.

Dear Pete,

Permit me to introduce you to the facility of facsimile
transmission.

In facsimile a photocell is caused to perform a raster scan over

the subject copy. The variations of print density on the 4ocument
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device. This device is scanning in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably yov have uses for this facility in your organisation.

Yours sincerely,

i
P.J. CROSS

Group Leader- Facsimile Research

Figure 2-2 CCITT Test Document No. 1

Regstered Office: 00 Vicars Lane, Ilford. Xte.
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L'ordro do lancomon ot do roalisation des applications fait Ilobjet do d~ciuions au plus I out
niveau do Is, Direction Gdnirals des T6l4communicatlons, 11 nest cortos pas question dok construiro ce syst~me integr# "on bloc" mail bion au contrairo dot procdor par #tape*, par
pallors micceusife. Certaine applications. dont I& rentabilit# no pourra Otro aasur, iv
soront pas entreprlecs. Actuellonlont, our trento applications qui ant pu Wte globalenient
d#Miis. six en sont &u stad* do 1'exploitatloti, six autres at mont vu donner Is. prioritQ pour
lour r~alleation.
Chaquo application out conlito & un "chef de projet", responmable successivement do so
conception, dot son analyst. prob'Pammation et do $a mise en oeuvre done tie r~glon-pilote.
La g~n~ralisation ultdrieure do lapplication realis~t dane cette region-pilote depend des
reaultats obtonus et falt tlobjet dune decision- do Ia Direction Generale. Ntanmolns. It
chaf do projet dolt d~a lo, depart considifter quo son activit# a une vocation national* donc
refiaser tout particularisme regional. 11 eat aid# dune equip. d'Ianalysts aprogram mours
*t ontour# d'un "groups do conception" charge do r~diger I* document do "definition des
objoctifi globaux" pull 1t "cahier doe charges" do l'application, qul cant adresuds pour &vis
Ai tous l*@ services utilisatoure potentills t aux chefs do projet dos autrem applications,
Le groupe d* conception comprend 6 A 10 pergonnes ropr~mentant les services lot plus
divers concern#& par I. projet,tt comports obligatoirement un bon analysts attachts A lap-
plication.

11 - LIMPLANTATION GEOGRAPIIIQUE D'TJN RESEAU INFORMATIQUE PEIWORMtANT

Lorganleation do Ilentropriso fran~aise des t4lecowmmunications repose cur lexiatenc* do
30 regions. Doe calculatours ont 4t0 implant#* dane I. pass# au mains does toutem lee plus
importantos. On trouve ainsi des machines Bull Gamma 30 A Ly-nn ot Marseille, dos GE 425
&Life, Bordeaux, Toulouse et Montpellier, un GE 437 & Massy, enfin qutlques machines

Bull 300 TI A programmes clbles 4taient r~cemmtnt ou cant encore on service dane lee
r~gions do Nancy, Nantos, Limoges, Poitiers at Rouen ; cc parc et essentiellement utillso
pour Is comptab~it# tolephonique,
Allavenir, oils, plupart des fichiers n~cessaires aux applications tiftrites plus haut peuvent
Otre g~ren temps di~fftr#, un certain nombre deontre eux devront n~cessairernent ftre or-
cosmiblme volt. min k jour on temps reel :parmi con derniers It fichier commercial des
abonnes, I* fichier des renveignements, It fichier des circuits. le fichier technique dec
abonnes contiendront des quantit~s considorables d'l nfortiat ions,
Le volume total do caractkr'es i gfrer en phase finale sur un ordixiateur a~ant en charge
qu*lques $00 OCO abonnts a #t# estine A un milliard tie caractt'res au mokms Au main. It

tiers de donnt.s meront concernees par, des traiteinents en temnps reel.
Aucun des calculateurs enumoros plus haut ne permettait d'envias~ger tit tels traiteinenta.
L'intteration progressive do toutes I#s applications suppose Is crtat ion di un support commun

pour toutes lta informiation*, une v~sritable "Banque tie donn('es", ropartle stir des nioyens
detraitoment nationaux et roglonaux, et qui devra rester alinientoe, mime A jour en permia-
nonce, & partir do Is base do l'entreprise c'est-A-dire les chantlers, lees nagasns. lee
guichots des services d'abonneinent, lee services tie personnel etc
L'etude dos differents fichiers A constituer a donc perniis tie Ocftnir les rincipaics carac.
tWriatiques du r~aeau d'ordinateurs tiouveaux 4 inettre en place pour aborder la roalisation
du aysttme informatif. L'obligation tie fait e appel il des ordinateut's tie troisi~me gcon~ration,
tr~s puissant. et dotOm de volutmineuse s nikmuo~res tie miasse, a conduit .1 en rt~dulre substan-
tiellement It nombre.
L'implantation doe sept centres die calcul Interrogionati\ constituera un compronmis entre
d'une part 1s tioeir dot roduire le coOt ioconoiniquc tie l'ensemble. tie facilitier Ia coordination
doe Oquip.. d 'lnformatic ions; ot d'autrc part le refus tie crt'er des centres trop impertants
difficiles 4 g~rer ot A dirijer,et posant des problknies dUlicats tie skecuritw, Le regroupe-
ment des traitements relatifa A plutieurs rtgions nut, charun tie ces sept centres perinettra
do lour donner une taille rtlativoement homog~ne. Chaque centre "givrera' environ un miil-
lion d'abannes A It fin diu V14nie Plan
La mime en place tie ceu centres a debuto au debut de Ilium". 147 Iurt ordinateur 1111S 10 Je
I& Campagnie Internationale paur l'Int'ornatlque a eit% instalic Ai Toulouse en Wrie ;c I&
mOme machine vient d~tre misc on service au centre tie calcul interregional tie liordeaux,

Figure 2-3 CCITT Test Document No. 4
Photo n' 1 - Documnent trLs dense lettre 1., 5mmi de haut

Restitution photo ft 9
24b



Cola tit d'autant plus v'alable que, r~ ca t plus telle ligne A retard cut donnde par
pmnd. A ct dgard I& figure 2 repr4sentt I& vraic courbe
donnant 1#(J)l en ronction def pour les valeuns num4. [2xriqucs indiquics page prO~dntt. T

still -2x r +- f +x -f,
-. 1401 At

L ~ ~ ~ ~ ~ ~ ~ ~ ~ on i la________sonic___________ (A un retard T0 pris et A un d~pha-
FW. sae prs d laporteube) ian signal dont Ia transformie

de Fourir etelle, con stante en ire to et fa +At.;
et ule e prtetd'autre de f0 et de f.+ bM c'eai-

W-ire un sinlde friquence porteuse fo+4J72 c',
Danscc asle ilte aapt porraetr costiut, dont l'enveloppe a la forme indiqu~e & la figure 5,

- d'n fltr pase-and de ranfer unt our dua fire adapti. On comprend It nom de ricepteur
A 4 4 + f t d trnsfet qasin u por A compression d'impulsion donn6 & cc genre de
f < o e f fo+ Af, ilte n moflnt as s pase filitre adapt# Is 44 largeur.* (1 3 dB) du signal comn-
des ompo~ntsle taverantprimi itanti gale A I/Af, le rapport de compression

eat de i T A [,&

Faa. 3 ot

- ire suivi d'une ligne A retard (LAR) disper- Af

sive ayani un temps de propagation de Sroupe T8t
dicroissant linkairtment avec Ia friquence f suivant

I IF

rt-T0+(f0-f) I (aver r T) %

(voir fig. 4).

On saisit physiquement le ph6nomine de com-
pression en rdalisant que lorsque le signal SQt) entre

S.. dans I& ligne A retard (LAR) I& frrqumnce qui entre
la premitre A l'instant 0 eut Is friquence basse f4,
qui met un temps To powr traverser. La rrquence f

__________________________ -------___ entre A l'instant - . a t elle met ian lemps

P~. ~To - U-fo) T1 pour traverser. cc qui I& fait ressortir
Af

A I'instant T. destlement Ainqi dne. le uional &A~

Figure 2-4k CCITT Test Dociuent No. 5
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should be used. Figure 2-6 is a copy of the French PTT Test Document

No. 4 scanned with 7.7 lines/mm. resolution. Figure 2-7 is a copy

of the same document where the even scan lines have been replaced with

the line above. Therefore, this repretents a document in which the

vertical resolution is 3.85 lines/mm.

2.3 Minimum Scan Line Time (MSLT)

The standard MSLT to be used in the measurement program will be

5, 10, and 20 ms. with B0L-code and 0 ms. without OL-code. It was

later clarified in a memo from the chairman of the Working Committee

(see Reference 7) that if, for reasons of test economy, only one value

of MSLT can be used in the test program, that value shall be 20 ms.

2.4 Transmission Bit Rate

The standard transmission bit rate is 4800 bits/sec.

2.5 Measurement of Compression

Two standard measures of compression have been established--

(0) number of coded bits (2) Compression Factor. The number of

coded bits is the number of bits required to transmit a document,

including all overhead bits such as End of Line (EOL) and Fill bits.

The Compression Factor is computed by dividing the total number of

picture elements (pels) per test document by the number of coded

bits. It was further agreed that the Compression Factor and coded

bits should be computed for two different conditions--with overhead

and without overhead. The measurement with overhead applies to the

2,7
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IH - L'IMPLAIITATION GEOGRAPIIIQUE D'UN RESEAU INFORMATIQUE PEPFORMANT
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Group 3 situation while the measurement without overhead applies to

the Group 4 case.

2.6 Measurement of Error Sensitivity

An objective measure of error sensitivity is obtainen ky encoding

the test documents with the proposed techniques (all overhead bits must

be included), subjec'.ing the resulting bit stream to transmission

errors, decoding the transmission to obtain the received image, and

comparing the original image with the received image to determine the

number of pels in error. The Error Sensitivity Factor (ESF) is cal-

culated as the total number of document pels in error divided by the

total number of transmission bits that are in error. In this way,

the ESF represents the average disturbmce to the output image caused

by a single transmission error.

2.6.1 Transmission Error Pattern

It was agreed that a record of actual bit errors incurred over

telephone lines will be used in the error sensitivity test. The

Federal Republic of Germany (see Reference 8) has obtained a record

of such errors by transmitting a known psuedo-random sequence at

4800 bits/sec. using a V27 ter modem over a switched telephone net-

work. The resultant error pattern has been recorded on magnetic tape

and made available to experimenters. Appendix C of Reference 3 des-

cribes the format of the transmission error magnetic tape. This tape

was used in the measurement of error sensitivity described in this

report.
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2.6.2 Error Phases

One concern with the ESF measurement is the high degree of

sensitivity to those few errors which may affect the end of line code

and can cause an inordinate number of incorrect pels. If the error pattern

happened to fall in an unfortunate phase relative to the encoded bits,

a large number of pels could be affected. On the other hand, the error

pattern could fall fortuitously and affect a relatively few number of

pels. To insure experimenters can achieve an adequate level of statis-

tical validity, the concept of error phases has been introduced. In

the basic zero phase, the first bit of the error record is aligned

with the first bit if the encoded transmission. In the case of Phase 2,

the transmitted bit information is delayed by 1,024 bits relative to

the previous run. The transmission bit information is delayed by o

2,048 bits for Phase 2. Experimenters would have a higher confidence 'VA
level in the average of the three phases compared to any one ESF taken

alone.

2.6.3 Error Correction

In order to precisely measure t!. error sensitivity, both the

encoding technique and the decoding algorithm must be completely

defined. If more than one decoding algorithm is proposed (for example,
to achieve differing levels of error control), each must be tested

separately. Collective Letter No. 87 from the CCITT (see Reference 7)

outlines an error correction procedure to be used for simulating two-

dimensional algorithms where an error correction procedure has not been

otherwise specified. In this procedure, the erroneous line is replaced

2-11

.............. ...



by the previous line and following lines are replaced by white lines

until a one-dimiensional coding line is correctly decoded.
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3.0 C0MPUTER PROGRAM OVERVIDI

This section contains a general overview cf the computer program

architecture written under this contract. The description is divided

into two parts. Section 3.1 focuses on the overall simulation process

from a flow perspective with particular emphasis on the simulation

inputs and outputs. Section 3.2 presents the hierarchical structure

of the programs illustrating how the, programs are organized for each

of the 5 different algorithms. For convenience of the reader, a

detailed flow chart, and the actual program code listing, has been

included in the Appendices for each algorithm (Appendices F through

P). All computer programs have been written in conventional Fortran

IV language.

3.1 The Simulation Process

Figure 3-1 illustrates the interrelationship between the major

fvnctions of each simulation program developed on the subject contract. A

There are two input data sets to each simulation which originate on

magnetic tape. One tape, supplied by the French PTT Administration,

contains all eight of the CCITT test documents. The format of this

input image tape is described in Appendix B of Reference 3. The other

tape, supplied by the Federal Republic of Germany, contains transmission

error data from actual switched telephone circuits. The format of this "

input tape is described in Appendix C of Reference 3. A program called

"REDTAP" was prepared to read the data from the input document tape

while the error tape is read in directly. Data from the two input

tapes are placed on disc in the computer system to be accessed during

the simulation process. A separate file is established for each of the
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test documents. The transmission error tape is divided into four

files, one for each of four different circuit error conditions.

To initiate the simulation process, the operator must type in

a set of input parameters. The insertion of the input parameters is

accomplished on an interactive basis with prompting. A typical

interactive sequence with responses is listed below.

1. PARAMETERS: INPUT (.1), OR DEFAULT (-D)? I

2. DIAGNOSTIC PRINTOUT? (Y OR N). N

3. ETER MAXIMUM NUMBER OF PELS PER LINE: 1728

4. ENTER VEMICAL SAMPLING: 1

5. FKlTER PARAMETER K: 4

6. ENTER ROR PATTER PHASE: 0

7. ETER MINIMUM COMPRESSED LINE LEGTH: 96

8. NUMBER OF SCAN LINES TO BE FAOCESSED - ? 10

9. EROR MODE - ? (M-MANUAL, T-TAPE, N=NO ERRORS) N

After the data has been entered and the measurement parameters '

have been selected, the first step in the simulation process is the

"ENCODE" function. This function detects color changes in the input data

and constructs the appropriate code word by table look-up or algorithm.

The actual code is fed to the error corrupt unit, while the number of

code bits is accumulated with fill and HDL codes to provide the output

total number of data bits, to compute the Compression Factors, CF3

and CF.

The error corruption step combines the transmission error data

with the encoded data. At each point in the image where an error occurs,

the corresponding bit in the encoded signal is reversed and fed to the
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decode function. The decoder basically performs the inverse function

of the encoder, generating a series of lines of image pals. There are

two parts of the decoding function which are not obvious and require

clarification: (1) what the decoder does when an error occurs

(2) what the decoder does when a line is missing. The operation of

the decoder uhder these two conditions is described in Section 4.

The output of the Decode function feeds the 'WRITAP" or "CONVERT"

functions for writing the error corrupted image on magnetic tape. It is

also fed to a subtraction function which compares the decoded image with

the tiginal image. Pels which are in error are fed to the "ERRMW"

subroutine which counts all the pels in the image which are in error.

This subroutine also counts the number of transmission error bits

which corrupted -.he encode signal. Finally, the "ERTM1' subroutine

computes the ESF by dividing the number of incorrect pels by the

number of transmitted bits in error.

Figure 3-1 shows that the simulation process provides a printout

of all the computed performance data as well as a summary tabulation

of the input parameters.

For more details on the computer programs, refer to Section 3.2

for a description of the program structure and to the Appendices for

flow charts and program listings.

The reader should note that most of .ie software prepared under

this contract is suitable for simulating any compression algorithm.

The only subroutines which must be written specifically for a particu-

lar coding technique are the en ode and decode subroutines.
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Z 3.2 Program Structure d ert

Tho following section describes the structure of the computer

program written to simulate the various algorithms. In addition,

a brief descrxption of each of the subroutines is given.

Each of tho computer programs written to simulate the five

compression algorithms conforms to the general structure shown in

Figure 3-2. The chart given in this figure shows the hierarchy of the

functions that make up each simulation program. Some of the functions

on the chart are named generically: the table in Figure 3-2 shows

how these generic function names are keyed to the actual subroutine

names used by each compression algorithm. The names on the hierarchical

chart that do not appear in the table are subroutines that. are used

by all compression algorithms. A brief description of each of the

functions/subroutines follows:

MAIN

The MAIN program controls the decoding process and the error

recovery procedure for getting back in sync when an error is detected.

As can be seen from Figure 3-2, the simulation process is "decode

driven"; that is, the main program controls the decode process which

decodes a buffered line of compressed data. When the contents of the

buffer have been used up, a new line of data is encoded. The MAIN pro-

gram also controls parameter input, measurement of errors, and reports

computed results.

GETL

The GETL subroutine retrieves a number of requested bits from
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I
the coded line and delivers the bits packed into a word (right

justified). If stuffing bits have been used, i.e. in the READ code,

they are removed. End-of-line codes (EDL) or line synchronization

signals (LSS) are detected. If the number of coded bits requested

by the calling program is not available, the ENCODE subroutine is

called to provide them.

SENCODE

Toi purotie hem, ie a line of compressed data. Color transitions

on an input line are detected bit-by-bit. Both one-dimensional and

two-dimensional lines are encoded depending on the parameter K. The code

word is generated by table look-up, or algorithm, as appropriate, and

added to the coded line buffer via CODE 1 and/or CODE 2.

CODE 1

The subroutine CODE 1 is called by ENCODE to look up the Modified

Huffman Code (MHC) corresponding to a given run length and color, and

add the code word to the coded line buffer. "a

CODE 2

The subroutine CODE 2 performs a similar function for the

two-dimensional case. Based on a particular feature, the appropriate

code word is generated by table look-up or algorithm and added to the

coded line buffer. All code tables for both one-dimensional and

two-dimensional codes are stored in labelled common which is initial-

ized by a BLOCK DATA subprogram.

3-7
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V. ~ STUFF

The STUFF subroutine is used only by the READ compression algor-

ithm to insert O's in the coded data stream in order to avoid ambi-

guities with the line synchronization signal. A '0' is inserted after

every occurence of five consecutive ones in the coded data stream.

DECODE 1

The DECODE 1 subroutine decodes the MHC. It extracts a set of

n bits (n-3 initially) from the coded line and looks for a match with

all code words of length n, increasing n until a match is found or

A the code table is exhausted. When and if a match is found, the

indicated bits are constructed on the output line. Any errors detected 4
in the decoding process, such as no match to code table, or line too long,

are flagged.

DECODE 2

This subroutine performs the same function as DECODE 1 for the

two-dimensional line.

MI2B and 14B 4

The subprograms MI2B and I4B are us,d to pack and unpack a set

of bits into (or from) an array of words.
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4.0 Error Detection/Correction Procedure

In Reference 7.0, the following error checking and processing

procedure was specified by the CCITT for testing the proposed two-

dimensional coding techniques:

1) Error checking - If decoded signals are not exactly

1728 pels/line, the line is recognized as an erroneous

line.

2) Error processing - The erroneous line is replaced by

the previous line and following lines are replaced by

white lines until one-dimensional coding line is

correctly decoded.

The error detection and correction procedures used in this simu-

lation follow the spirit, if not the letter, of this directive.

Not all of the proposed algorithms produce a line pel count that
$

can be checked against the correct 1728 pels per line. The error

checking was expanded to include the detection of any condition that

c uld not possibly occur in a correctly received transmission. Some

examples of possible error conditions are:

9 BOL occurs before 1728 pels have been written

* More than 1728 pels have been written before H0L is

received

9 No word in applicable code table matches received bit

pattern

* Current line decoding references a run that does not

exist in the previous line

0 Pels are written to the left of the first pel on the line
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Conditions that are only improbable, such as a 'ine of pels that

differs radically from the previous line, are not considered error

conditions. Error conditions specific to each coding algorithm are

discussed in Section 5.0.

The AT&T algorithm does not, strictly speaking, have a "one-

dimensional coding line." Therefore, the error processing was ex-

tended, for this algorithm, to consider any line that can be decoded

without an error condition as a correct line. In decoding lines that

reference previous lines, the last correctly decoded line is used as

the reference line, regardless of whether or not there are intervening

error lines. It is believed that the chance of correctly decoding a

line, following an error line that references a previous line, is

extremely small.

Upon detection of an error condition, the decoder attempts to

resynchronize by searching for the next unique Line Synchronization.

Signal (LSS). All but the AT&T algorithm have different codes for

one-dimensional and two-dimensional lines. The state diagram for

error recovery for these algorithms is shown in Figure 4-I. For the

AT&T algorithm, the One-Dimensional Decode and the Two-Dimensional

Decode states are identical, and detection of an EOL in the Search

state causes a change to the Decode state, rather than staying in

Search.

Following Reference 7, when an error condition is detected,

the error line is replaced by the previous co :ect line, while

successive error lines are replaced by all-white lines, until a line

is decoded correctly. It should be pointec out that this procedure
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may not be optimum. Repeating the laut correct line until the next

Wcorrect line is received may produce better result& from a subjective

and objective point of view.

Because of transmission errors, some of the original image lines

may be missing in the output, or addit.'onal lines may be in the output

that were not in the original image. In order that a missing or extra

line not have an undue influence on the ESF, it is important that the

original and received images not get permanently out of line alignment

when they are compared to determine the number of pel errors, To this

end, each of the lines in the original image is assigned a serial line

number, and this number continues to be associated with the same line

in the received image. If a transmitted line is dropped, due to the

loss of an BOL, then its line number will be missing in the output.

On the other hand, if a line is broken into two or more lines in the

received image, due to false SOL's, then its line number will appear

more than once in the output.

If no lines are dropped or added, the line numbers of the original

and received lines that are compared to detect pel errors will be 4

equal. 1ken a line is added or deleted, the line numbers of the corn-

pared lines will become unequal. When this occurs for the first time,
the two lines with different line numbers are compared to determine

the number of pel errors, which is added to the pel error total. Then,

instead of proceeding to the next line in both the original and received

images, the next line is used in only one of the images, with the

previous line being used in the other image. The line is advanced only

*in that image that has the smaller line number, so as to tend to makeA'
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the line numbers of the two images more equal. This continues until

the line numbers are equal, after which the next line is used in both

images, until another inequality is detected.

This procedure prfArdes a proper penalty for a wmssing or added

line, but prevents thii type of error from causing pel errors over

the entire image below the place where it occurred.
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i.0 ASSUMIONS RELATED TO INDIVIDUAL ALGORIT S

This section describes any modifications that were made to the

compression algorithms that were not covered in the contributions.

Assumptions and clarifications are also included.

5.1 Japan Algorithm

No modifications were made to the READ algorithm. However, there

was a question concerning the adaptive coding. Specifically, should the

decision to use horizonul or vertical mode code be made before or after

bit-stuffing is performed? Since the examples in Appendix A showed that

this decision was m;, before bit-stuffing, the same approach was taken

in the simulation. Bit stuffing was accomplished after a complete line

was encoded.

5.2 3M Algorithm

Two assumptions were made concerning the 3M algorithm. First, the

optional PASS mode was not included in the simulation for the following

reasons: It was felt that the criteia for using the optional pass mode

was not well defined. In addition, the opti-Inal pass mode W~s not

included in the verbal description nor in the flow charts of Appendix B,

nor was it included in the examples of Figure 4 of the same reference.

The second assumption made concerns the decision as to whether to
transmit a one-dimensional or a two-dimencional lins It was assumed that

if both coded lines are of the s.m, length, a one-dimensiona. line will be

transmitted. It follows then, that, if the one-dimensiona" line is filled,

it will be the line that is transmitted.
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During the preparation of the simulation program, an error was

found in the code table (Figure 3 of Appendix B). The code for VMZ

was given as tO'. Since this is ambiguous with the other code words,

a 'I' was used for VMZ. After the computer program was completed and

all of the picture data had been processed, an addendum was received that

corrected the error in a somewhat different fashion: All code bits were

complemented so that 0's became l's and l's became O's. The result is

that the number of coded bits (and compression factor) for the two

techniques is the same, but the effects of errors in the coded data

stream may cause slight differences in the error sensitivity.

5.3 IBM Algorithm

No modifications were made to the IBM algorithm. However, Appenlix

C did not clearly define the treatment of the left and right edges. It

was deduced from the reference that the first code word on a line

alw represents a white run. Therefore, any line that begins with a

black pel is coded as a white run of zero length. In order to handle

this easily, the transition which starts the first run is assumed to be

one element to the left of the first pel.

At the right edge of the document (according to Appendix C) "a

hypothetical C is assumed after the rightmost pel." It was assumed that

this hypothetical C has the color opposite to the last pel on the line.

This assumption loses significance when the algorithm is applied to the

French data, since all lines were extended by 48 white pels.
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5.4 XEROX Algorithm

The XWIX compression algorithm consists of run length encoding

runs of correct predictions followed by an incorrect prediction. However,

Appendix D does not seem to cover the case where the last, pol on a line

,is predicted correctly. Therefore, it was assmed that when the last

pel on a line is predicted correctly, an incorrect prediction is assumed

for the next pel (one past the edge) in order to end the line with an

incorrect prediction.

Since '1e predictor "window" overlaps both left and right bdges

by two pels, it was assumed that these pels are white.

The reference allows the fallback to one-dimensional coding to be 4
either Modified-Huffman Code or "zeroing out" the reference line of the j
predictor. The former approach was taken to be consistent with the

other compression techniques.

One other modification was necessary in simulating the XEROX code.

Normally a concurrent search is carried out for the EJL codes while

decoding data. This was not possible with the XEROX ode because

the short EDL preceding the two-dimensional lines is ambiguous with

some one-dimensional code words. This means that if the short EOL is

used to signify the end of a one-dimensional line, it may end prema-

turely, causing an error.

This problem was solved by ending a line only after decoding

exactly 1728 pels and then checking for the E0L code.
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SA T T Alorithm

This algorithm, also known as the Frank Code, is described in

Appendix E. One minor modification was made to the algorithm.

The AT&T Code will encode an initial all-white line with no code at

all between EOL's. Successive all-white lines will also be encoded in the

same way. Thus, it is possible to obtain a string of successive EOL's.

Since the End of Message (EOM) is signalled by 6 successive BOL's, as

in the one-dimenbional code, a false BOM could easily be obtained, even

without transmission errors. Some decoders may wish to declare EOM with

fewer than 6 successive EOL's in order to obtain a more reliable detection

of EDM. Therefore, the AT&T Code was changed to prcvide for a zero fil

bit before the BDL if there was no other code between the EOL's. In

effect, the minimum number of bits per line is 13, regardless of the 4
specified minimum compressed line length. This extra bit permits the

decoder to distinguish between successive BOLts due to all-white lines

and the EOM.

The error conditions that can occur with this code are (see Appen-

dix E):

1) black pels are written to the left of the first pel or

to the right of the last pel.

2) a code word references a non-existent blcck run in the

previous line

3) two black runs touch or overlap

4) the beginning of a run is to the right of the same run

5) no code word in the code table mabches the received bits

5-4



Note that receiving an BOL before a'. 1728 pels have been written is

a normal occurence for the Frank Code.

The code table used is that in Appendix B of Appendix E.

A
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6.0 MSKWTPT RESULTS

During the course of this contract, Delta Information Systems

Prepared five separate computer programs to simulate each of the 5

$ coding algorithms. All 5 of these programs were run on the Hybrid Com-

puter Facility at the Defense Communications Engineering Center in

Reston, Virginia. Twenty computer runs were performed for each of the

5 coding algorithms. The parameters for these runs and the raw output

measurement data for each run is tabulated in section 6.1. Sections 6.2

and 6.3 highlight and summarize the compression and error sensitivity

data respectively.

6.1 Raw Measurement Data
Thu parameters which are varied in the simulation process are listed

below along with the different values that each parameter was assigned

throughout the 20 test runs.

Test document number 1,4,5,7

Error phase 0,1,2

Transmission error file 1$2,3,4

Minimum scan line time (me) 10,20

K-factor 2,4

Transmission bit rate (Kbps) 4,800

Resolution (lines/mm) 3.85, 7.7

If every combination of these parametric values was tested, a total of

384 computer runs would be required which is neither reasonable nor

necessary. Twenty computer runs were executed, and Table 6-I is a

tabulation of the different parameters for each run. For reasons of

6-i



TALS 6-1i TARATMOF 2WTT rW pAa*N3D

Tzl? Tz! IRER TRANIISSI0I MIN. SCAN VICTICAL
IM3 DDCU3E3I PHASE IMR mm TD RvnOLTIQN

1 30 120 3.85

3 4 0 2 20 3.85

6 13 0 3 20 7.70

13 4 1 20 7.70

1.0 14 20 7.70

10 132 120 7.70

1 4 0 110 3.85

12 130 2 10 7.70

13 13 0 3 10 3.85

17 5 0 1 10 7.70

18 1 0 1 20 3.8%

16 7 0 1 20 7.85

10 7 0 1 10 7.70

*For Resolution of 3.85 l1.nes/i X-2

7.70 * K

6-2
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test economy, the set of parameters used in Test Run number 1 has been

selected as a baseline, and other runs were chosen as variations from

that set of values. Again, for reasons of test economy, the K-factor

was set at 2 and 4 when the resolution was chosen to be 3.85 and 7.7

lines/mm. respectively.

The raw test results relating to compression and error sensitivity

for each coding algorithm are included in Table 6-2 through 6-6. The

definitions of these measurement parameters are reviewed below. j
o Coded Data Bits - Total compressed bits required to

transmit the document excluding all overhead bits -

EDL, fill, etc.

o Coded Bits - Total compressed bits required to transmit

the document including all overhead such as EOL, fill, etc.

o CF - Number of document pels* divided by the number of

14
coded data bits

o CF - Number of document pels divided by the number of
3

coded bits

o BER - Transmitted bits in error divided by the number of

coded bits

o ESF - Number of incorrect pels divided by the number of

transmitted bits in error.

The number of stuffing bits is a parameter peculiar to the READ

Algorithm and therefore is included in Table 6-2 only. Likewise, only

the 3M code employs an adaptive K-factor, and consequently, the number

of lines encoded by the two dimensional algorithm is included in Table 6-3

* High Resolution - 2,376 lines x 1728 pels/lie = 4,105,728 pels
Standard Resolution - 1,188 lines x 1728 pels/line a 2,052,864 pels
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only.

The CCITT suggested that experimenters should measure the statistics

related to the number of bits required to define the individual scan

lines. Statistics which were measured are minimum bits/line, maximum

bits/line, average bits/line, and standard deviation. Of the twenty

test runs, only 10 give independent data related to coded line statistics.

The parameters of these ten independent measurements are tabulated in Table

6-7 along with the test results for the READ code. Table 6-8 gives the

results for the 3M and IEM codes, while Table 6-9 tabulates the data for

the Xerox and AT&T algorithms. t

6.2 Summary of Compression Data

Two types of compression data were computed in the simulation

process - transmitted bits and compression factor. Since these

parameters are merely two different measures of the same function, it was

decided, for reasons of simplicity, to summarize the compression data

using only the transmitted bits. The number of coded data bits are

summarized for all algorithms in Table 6-10 while the total bits in-

cluding overhead is tabulated in Table 6-I1.

At the bottom of each table, the average number of bits for high

resolution and low resolution tests is computed. It is recognized

that such an averaging process infers an equal weighting of the compon-

ent test runs. It is also recognized that this is probably not the

optimum weighting function to be applied to the data. Nevertheless,

the average was computed primarily as a data reduction process and can
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, TABL 6-8 CODED LINE LIMOT STATISTICS - 3I, IBM ALOOIHMS

ALOORITOM TEST MINIMUM MA.X(UI AVERAGE STANDARD
DISIG- BITS/III BITS/tIM BITS/LINE DEVIATIO
NATION

A 96 1,089 371.23 I 337.14

96 ,058 318.94 287.90

C 48 1,089 352.66 352.'72

D 48 1,058 298.62 303.58

1 96 813 161.96 154.18

F 48 792 109.56 137.87

0 48 1,055 164.98 167.83

H 96 1,063 222.29 191.1:4

I 96 718 363.13 184 O50

S - 48 707 301. 46 173.05

A,96 1 ,104 362.07 329.55

B 96 1,089 3o6.2:-)' 273.04 .

C 1.8 1 ,#0i 343.24 345.17

D 48 1,089 286.03 289.12

3 96 797 157.86 146.3o

F 48 797 107.34 132.95

O 148 1,0o63 159,.40 161.22

H 96 1,063 2114.13 182.45

I 96 718 347.61 175.64

148 718 283.17 165.40
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TABLE 6-9 O0DED LINE LENGTH STATISTICS - XEROX, ATT ALOORITHMS

TEST MINIMUM MAXIMUM AVERA3E STANDARD
ALOORITHM DESIG- BITS/LINE BITS/LINE BITS/E.LNE DEVIATION

NATION

A 96 1 1,240 395.11 I 355.O7

B 96 1,091 347.81 303.63

C( 48 1,240 378.11 369.79

D 48 1,091 330.32 318.59

E 96 927 167.40 161.42
iEOX

F 48 831 122.53 152.90

G 48 1,062 188.67 174.59

H 96 1,062 228.08 191.46

I 96 717 :378.36 183.17

48 931 328.04 180.43

A 96 1,357 392.71 375.48

B 96 1,357 321.3 305.02

C 48 1,357 373.11 391.36

D 48 1,357 300.48 320.88

E 96 938 162.88 163.02
AT&T - -

F 48 938 108.91 143.43

G 48 1,269 - -

H 96 1,269 225.11 207.72

r 96 882 379,71 207.70

48 882
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TABLE 6-'^ SUMARY0OFCODED DATA BITS

TEST VERT.
DOCUMUT RESOL. JAPAN 3MIBM 31XEI AT&T

# lines/'m.

43.85 390,927 397,549 383,562 4309660 415,034~

47.7 620,671 668,555 627,122 74&8,406 655,807

1 3.85 113,956 126,122 115,011 133,050 112,546

17.7 174..838 201,t902 181,74~0 233,764 175,159

5 3.85 210,040 226,815 210,809 236,284 220,b~29

5 7.7 322,307 346,058 329,.697 1i9,000 335,235

7 3.85 385,871 399,h97 379,460 421,857 415,929

77.7 616,812 676,844 628,606 749,859 663,918

AVG. 3.85 275,098 287,4~97 272,9210 3o5,463 290p984

AVG. 7.7 433,657 47304h0 U.41791 537,757 457..)30

0VEW1 AVG. 354,427 38034~18 357,000 421,61o 374,257
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TABLE 6-11 SUMMARY OF CODED BITS

TEST MIN. SCAN VER.
lDOC. LINE TIME RESOL. JAPAN 3M IBM XEROX AT&T
# (Ms.) lines/mm.

4 10 3.85 419,636 419,039 407,850 448,833 443,326

4 10 7.7 678,257 709,588 679,677 782,611 714,016

14 20 3.85 442,434 441,104 430,215 468,341 466,613

4 20 7.7 727,418 757,869 727,740 822,790 763,481

1 20 3.85 188,070 192,484 187,619 198,749 193,573

1 10 7.7 250,379 260,382 255,119 290,172 258,832

5 20 3.85 253,989 264,163 254,459 269,544 267,503

* 5 10 7.7 370,448 392,062 378,810 447,691 388,419

7 20 3.85 423,0140 431,1481 413,042 448,809 451,171

7 10 7.7 664,857 716,340 672,892 779,185 709,814

AVG. 3.85 345,43h 349,654 338,637 366,855 364,437

AVG. 7.7 538,272 567,2148 542,847 624,490 566,912

OVERALL AVERAGE 4414,853 458,451 44o742 495,672 465p674

6.14
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be considered as one possible basis for weighting the data. For similar

reasons, the overall average of all runs, combining both high and low

resolution, has been computed.

6.3 Srmary of Error Sensitivity Lata

All of the 20 computer runs provide a separate and distinct error

sensitivity measurement. In an effort to reduce the data, the average

ESF for all 20 runs has been computed for each algorithm and tabulated

below.

Algorithp ESFavg ' for 20 runs

Japan 52.2

3M 43.7

IB3M 44.7
Xerox 32.8

AT&T 42.2

It is recognized that this averaging process heavily weights test

document number 4, error phase zero, transmission error file one, and an

MSLT of 20 ms. Nevertheless, this averaging process would appear to

be one meaningful way to weigh the data and reduce it.

6-15
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International Telegraph and Telephone COM XIV-No. 42-E
Consultative Committee

(CCITT)

Period 1977-1980 Original English

Question 2/XIV Date 28 August 1978

STUDY GROUP XIV - CONTRIBUTION No. 42

SOURCE JAPAN

TITLE PROPOSAL FOR DRAFT RECOMMENDATION OF TWO-DIMENSIONAL CODI1W SCHEME 4,

I. Introduction

In order to meet the increasing demand for high-speed
document facsimile over telephone-type circuits, CCITT Study
Group XIV has been conducting study on the standardization of
Group 3 machines. At the meeting of November kq77, a draft
Recommendation T.4 related to Group 3 machines was produced.

In Paragraph 4.1, Section 4 "Coding Scheme" of the draft
Recommendation T.4, the one-dimensional coding scheme using the
Modified-Huffman code is defined. In Paragraph 4.2, it is noted
that the one-dimensional coding scheme may be extended as an
option to a two-dimensional scheme, and thi. is the subject of
further study.

Since there have been strong demands for higher speed T
transmission of documents, the facsimile equipments which adopt
the two-dimensional coding schemes having higher compression
factors, compared with the one-dimensional coding scheme are
nowadays widely used in Japan and in several other countries.

This fact proves the superiority of the two-dimensional
coding schemes, which enable a remarkable speeding-up of document '4

transmission with scarcely any increase in system cost and without 4

any great degradation in quality of received copies caused by '

transmission errors, compared with the Ond-dimensional coding
scheme.

Japan has previously pointed out the effectiveness of two-
dimensional coding schemes, and has several times presented
contributions showing actual coding schemes and comparative data
on compression factors at the Group 3 Special Rapporteur's Meetings
of the last study period. Furthermore, at the Study Group Meeting
of November 1977, Japan presented a contribution (COM XIV-No. 15-E)
stating that a two-dimensional coding scheme should be selected
from among two-dimensional line-by-line coding schemes, and was
requested to present a further detailed contribution on this subject.

(1791) .A-1
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Under these circumstances, Japan has earnestly studied two-
dimensional coding schemes in order to make possible the further
speeding-up of Group 3 machines. As a i'esult of these studies, in1order to complete the draft Recommendation T.4, Japan proposes the
following system as the two-dimensional coding scheme for the

draft Recommendation.

2. Coding Scheme

The coding scheme proposed is a two-dimensional coding
scheme, called READ (Relative Element Address Designate) coding,
which can be easily extended from the one-dimensional coding
scheme.

Coding algorithm, line-synchronization signai, FILL, setting
of Parameter K and RTC signal are described in detail in ANNEX 1,
in a format capable of being inserted in Paragraph 4.2 of the draft
Recommendation r..

3. Coding Efficiency

The transmission times obtained by'computer simulation are
shown in ANNEX Q. The eight documents contained in magnetic tapes
offered by French PTT were used as the test documents.

Compared with the one-dimensional coding scheme, the ratio
vf transmission time is 82.7 % (K a 2) for the normal definition
standard, and 62.9 % (K - 4) for the higher definition standard.

When transmission errors can be corrected by retransmission,
such as in data networks, Parameter K can be set to K xoa. In
this case, the ratio of transmission time will become 65.5 % for
the normal definition standard and 50.7 % for the higher definition
standard, compared with the one-dimensional coding scheme.

4. Conclusion

The proposed coding scheme, at the transmission rate of 4800
bps, is capable of transmitting the test documents in an average
of 47 seconds for the normal definition standard, and in an average
of 73 seconds for the higher definition standard.

The two-dimensional coding scheme proposed here is superior
in respect to compression factor compared with conventional coding
schemes, while possessing ample capability against error vulnerability
and simplicity in system configuration.

For the document facsimile of complicated ideographic
characters (Chinese characters, for example) in wide-spread use
over the world, transmission employing higher definition standard
is indispensable. In such cases, the effectiveness of this coding
scheme, which can greatly shorten the transmission time in particular,
is extremely great.

A-2
(1791)
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iIn addition, while this coding scheme can be easily made to
interwork with the standard one-dimensional system, in the case of
data networks with superior line quality that have adopted error
correction, this coding scheme can be applied with Parameter K set
to K =*,. This will result in the further speeding up of transmission.

In view of the feature's described above, Japan proposes that
the READ coding scheme should be adopted as the two-dimensional
system for Group 3 machines.,

~4

Annexes : 2

A-3
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ANNEX 1

4.2 Two-dimenainal coding scheme

The two-dimensional coding schemle shall be used as an
extension of tbe one-dimensional ciding scheme specified in
Paragraph 4.1.

a) DATA

(1) Parameter K

In order to limit the disturbed area in the event of trans-
mission errors, one-dimensional coding is applied for each
first line of every successive K lines and two-dimensional
coding is ipplied for the following kK-1) lines. The value
of K is called Parameter K. v:

(2) One-dimensional codin"

This conforms with the description of Item a) DATA, Para-
graph 4.1.

(J) Two-dimensional coding

1) Starting picture element and changing picture element

A changing picture element is the colour changed picture
element from black to white, or vice versa, along a scanning
line.

In two-dimensional coding, each coding line is coded
line-by-line, using the preceding changing picture element
along the coding line or the changing picture element on the
reference line which is Just above the coding line. The
coding line which has been coded becomes the new reference
line for the next coding line.

The starting picture element and the changing picture
elements shall be defined as follows: (see Figure 3)

a Starting picture element on the coding linewhich becomes, the reference picture element

a1 : Changing picture element on the coding line,
next to a0

a2: Changing picture element on the coding line,
next to a

b First changing Picture element, whose coloux
is opposite to ao, which occuis on the

reference line after the pictu:e element jutit
upon a

b2 Changing picture element coming after b onthe reference Line

. .iII
fl~i,3
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reference linethe knd ofo ib

Figure 3 -Starting picture ele3ment and
changing picture elements

The ollwin thee ind ofcoding modes are adopted
an slctveyused, acodn othe procedure described

Fin Prgah23

As shown in Figure 4, the state where changing picture

elements b and b on the reference line are detected
1 2

before changing picture element a is defined as Pass mode.

bi b2

reference line
coding line i< ~ ~

Figure 4 - Pass mode

However, the state where b occurs Just upon a1, as2
shown in Figure 5, is niot considered as Pass mode.

reference line.7/

(300a

Figure 5 -An example riot corresponding to Pass modeA-5i
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(Li) Horizontal mode

The coding of distance a0a1 and distance aIa2 on the

coding line is defined as Horizontal mode. (see Figure 6)

Iiii) Vertical mode

The coding of the relative distance alb I between the

changing picture element b on the reference line and the

changing picture element a on the coding line is defined

as Vertical mode. (set Figure 6)

Vertical mode

04C b2
reference liE ~ ~ I I I I I 1 I 1 K~INI i
coding lineA

00 , 02

Horizontol mode

Figure 6 - Vertical mode and Horizontal mode

3) Coding procedure

The coding line and the reference line are observed at
the same time from left to right, and the changing picture
elements are detected successively. Then, whenever one of
Pass, Vertical or Horizontal modes is detected, the code
shown in Table 3 is generated.

When Pass mode is detected, it is coded as Pass mode code

1"1110", as shown in Table 3. After this processing,picture
element a; just under b. is regarded as the new starting

picture element a for the next coding. (see Figure 4)

Step2

When a is detected on the coding line before b2 is

detected on the reference line, adaptive coding is performed.
That is, as shown in Table 3, the number of bits (aoa1)

(the sum of the 4 bits of Horizontal mode code "1111" and
the number of bits obtained by one-dimensional coding of
a0aI) and the number of bits (a1b 1) obtained by Vertical mode

coding of a bl, are measured respectively and the number of

bits of both codings are compared. (see Figure 6)

(1791) A-6
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Woa Case 1: (ala >(alb1)

As shown in Table ), a Ib~ is coded by Vertical mode,

after which position a is regarded as new starting picture

element a0 for the next coding.

ii) Case 2: (A0 al)1J (a b 1)

Scanning is performed until changing picture element

a on the coding line is~detected. Then, as shown in

Table 3, following Horizontal mode code "1111", aoa I and

a a are respectively coded by one-dimensional coding.

After this processing position 2 is regarded as the new

starting picture element a0 for the next coding.

4) Processing first and last picture elements in a line

(i) Processing first picture element

The first starting picture element a on each coding

line is imaginarily set at a position just before the first
picture element, and is regarded as a white picture element.

In this case, the distance a a is replaced by aoa -1.

(A) Processing last picture element

Coding of each line is ended after coding of the

changing picture element a or a2 positioned imaginarily

next to the last picture element. If bI or b2  is not

detected on the reference line, an imaginary picture element

just after the last picture element is assumed as'b or b,.

A flow diagram for this coding scheme is shown in APPENDIX I,
and coding examples in APPENDIX 2.

*(1791) A-7IU
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TABLE 3

Code table'I __~~ _ ..__ _ .__ __ _ _ __ _ _

Mode Elements to be coded Notation Code

Pass mode bi , b2 P 1110

Horizontalpoiii
mode 0001, 1 (2 ( 2 1111 +M(01)M+M(al;)

__ , ,,, . a , just-

0( just ojbi 0 V (0) 0
under bi

a, b,1 100
al on the -'

Vertical Von (a bl)mode rightofb 1 a b2 llO0+O(ab 1 -1)

0o be 1 101al on the -

left of bi VL(a b,)
a, b4 2 1101 + D (ai bl- I ,

(Note 1) Code 0(n) represents the following n bit code:

D(n) : 00........... 01

(n-1) bits

n bits

(Note 2) Code M ) of Horizontal mode represents the
code words in Tables I & 2, Paragraph 4.1,
the draft Recommendation T.4.

b) Line synchronization signal

One of the two line synchronization signals, LSSI or

LSS2, precedes the data signals of the one-dimensional or two-

dimensional coding lines respectively.

Format:

(i) The line synchronization signal to be added to the head

of the one-dimensional coding line

LSSI : 01111111

(1791) A-8
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(i0 the line synchronization signal to be added to the head

V, %of the .wo-dimensional coding line

LSS2 : 01111110

To make the signals LSS1 and LSS2 unique, a "0" is
inserted in the dat- stream after any occurrence of five

c) FILLcontinuous "l"s.

c) FILL

* , FILL is inserted between a line of DATA and the line
synchronization signal, LSSI or LSS2, but is not inserted in

DATA.

Format variable length string of O's.

d) Setup of Parameter K

Parameter K should be fixed as follows.

Normal definition standard K = 2
Higher definition standard K = 4

e) Return to control (RTC) 1 1
The end of a document transmission is indicated by

sending six consecutive LSSl's. Following the RTC signal,

the transmitter will send the post message command in the
Recommendation T.3O framed format at the data rate.

Format 01111111 ................. 01111111

(total of 6 times LSS1)

To further clarify the relationship of the signals
defined herein, Figures 7 and 8 are offered in the case of
K z 2. Figure 7 shows several scan lines of data starting
at the beginning of % transmitted page. Figure 8 shows the
last several lines of a page.

/2

42
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span of zero insertion

ATA jQATA DATALSS FILL LSS 1DATIon* -drwi IMnA- (one- dirmnsiowl )I - I

,__ 9_ T <T
II T Il

i r: minimum tnsmission time of
a total scanning line

Figure 7 - Mesage transmission (first part of page)

spam of zero insertion

D tA LSS2 J~r AFILL LSS 1 LSS I LSS 1 JLSS 1 ULSS1 ILSS 1 1Post -Message

/ oroNM
oe- )zLSS4 dimensional RTC

Figure 8 - Message transmission (last part of page) zl

Appendices 2

(1791) A-10
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Appendix 2

(to Annex 1)

Codipg examples

Figure (a) shows coding examples of the first part of
scanning lines and Figure (b) coding examples of the last part,
while Figure (c) shows other coding examples. The notations P,
H and V in the figures are, as shown in Table ), the symbols
for Pass mode, Horizontal mode and Vertical mode respectively.
The picture elements marked with black spot indicate the chang-
ing picture elements to be coded.

I 5

V(O) VMi

® ® VR (2)

t 9

H(O,3) VR () MO VL(8) H(3,6)

Figure .(a) - Coding examples ( ) : first part of scanning line

(1791) A-I"
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1728 1728 1728

( v(0) v (0) (vo) \A(2) (3) v(o) vL(2) v(o)

1728 1728 1728

®V(O)V(2)V(O) ( V(O) V(3) © P V(O)0

4728

W60©7 H (2,6)

Figure (b) - Coding examples (b) )ast part of scanning Line

-I 3) 11A

v( 3) VL( 2) V(0)

(' H (7,2)

N/ I I! I I.ir M '11

mode: P VL(M) V(O) H(3,4) P

code: I 10 0 01 0 1111 1000 011 1110

Figure (c) - Coding examples (c)

(1791) A-1
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A NN EX 2-2
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A N NEX 2-3

xK

p~0 4990 -d-o*'
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-1

0 410

00
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Consultative Cc=-.:ee
(ccmtr)

Period 1977-1980 Original English

Question 2/XIV Date :March 1979

SIUDY GROUP XIV - CONIRIBUIION NO. 74.

SOURCE : 3M COMPANY

71lLE : RESULIS OF SIUDIES ON PREVIOUSLY PROPOSED IWO-DIMENSIONAL
CODING SCHEMES

1.0 INYRODUCIION

3M Company has studied the EDIC code, the READ code,
and the IBM code in an attempt to find a workable
compromise. 3M realizes that such a comptomise should
be applicable not only to the authots of the
piospecti-e code, but to all the CCIIT participants.

In attempting to find this compromise, the .a ious
compression algorithms wet,- combined into one
generalized model wherein ea.ch parameter was expressed
in abstract terms rather tha,, actual codes. The

parameters were thei indi-idually analyzed and
assiqned code lengths usinq the concepts and
statistical data disclosed in the ptior compression
schemes. ihe indi ,duaI results of this patamet|ic
analysis were combined to qenetate a detailed code
table and an encoding algorithm. Dutinq this process,

ease of implementing the ,esultant algorithm was a
constant considetation.

Since this encoding algorithm was generated to a larqe
degree by studying othet code sets, 3M claims no
rights to the resultant code algorithm. Furthermore,
the impio-ements/madif-cations to the code set aie

offeied to aid in reaching a compromise on a I
two-dimensional alqotLhm. Thetefoie, keepinq with

4-
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this spiiit,*no pt \ate claims aie made to these

modi ficat ions.

This papet assumes that the ieadei is familiat wth
the compiession algorithms beinn discussed. If
backqzound infotmat ion is needed, please teFet to
References 1, 2, 3, and 4.

2.0 CODE SELECTION FOR EACH PARAMETER

2.1 Line Synchionization Siqnal

The Line Synchionization Signal, LSS, seies two
putposes. It specifies, non-ambiguously, the
beginning and end of each compiessed line, and it
gives infotmation on how to deccde the ensuinq line.

The choice fot the LSS was eleven zetos, followed b) a
one, followed by a tag bit indicating the type of iun
to follow (i.e., "0' indicates one-dimensional codjno
and "1" indicates two-dimensional coding). 1he
seasons fot this choice ate as follows.

i) Using an HOLC flag code is undesirable since it
is a level 2 link control siqnal and should be
kept independent ftom data comptession algoLithm
which is on a highe, leeel in the layesed
piotocol structure (ref. lempoiaty Doc. No. 8-E
CCI1 SG XIV 12/11-12/15). Fuithermoie, use of
the HDLC flag necessitates zeto insettion.

ii) The mechanism is aliead) in place to iece;%e,
with teasonable orotection, the standaid

one-dimensional EOL code. This mechanism

includes a method foi handlinq fill data and
doinq a line by line check on the data (i.e.,
when EOL is detected, exactly 1728 pels would
have been decoded).

2.2 Frequency of Resynchionization

The iepetiion period, expiessed in number of lines, at
which the scanned data should be compressed usinq the

Sone-dimensional algolithm is the paiametei K. It was

decided that K should be adaptive but confined within
the bounds of K less than oi ecuai to 4 at any qien

Page B-2 time. The seasons for this choice ate as follows:

"K", -'



COM XI'-:co. 74-E

I) The mechanism'is already :a:ilable to adapt i'eJ,
send one-dimensional lines (i.e., the TAG bit,.

ii) The top scan of a line of characters and the
first white scan at bottom of a line of
characters can often be encoded mote efficienti%
by a one-dimensional algorithm.

i1) The choice of the alqorithm for selectLinq whic"
lines will be encoded one-dimension need not be
st andardized.

It was pointed out in the IBM paper that a code set
can be adapted, teal time, to the statistics of the
tun beinq encoded. The main critetia fo the code
select iity is whether the run being encoded is
followinq a horizontal mode tun or a -ettical mode
run.

In an effort by 3M to simplify the code alqoiithm. it
was assumed, but not statistically proven, that since
K would adaptively select which lines would he encoded
one-dimensiorally, the majority of the cortelated
horizontal mode tuns would be included within these
lines. There would, thetefote, be little reason to
incorporate the multiple code set capability into the
encoding alqotithm.

2.3 Run Codinq Method

The end of a run may be coded as the Horizontal Run,
Length, HRL, reference from the start of the run or bN
the relationship the end of the run has to a tun on
the pteious line. This .ettical mode method can be
futther sub-cateqorized as the cutent run endino
directly Under the preious run, VMU, to the Riaht of
the pi eious tun, VMR, or to the Left of the pte~ious
tun, VML.

Vertical Mode

The references show that the most likely
occurrence is for transition elements at the end
of *ettically related tuns to be ditectly
aligned. Thus, this condition should be coded
with a single bit. The references also state
that the second most likely occurrences ate that
transition elements ate displaced by one pe,
left ot right, from .eitically related pels.

B-3
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These two e~ents have been qi,,en equal weAclht io
and each assiqned a thtee bit code. Howe~et, il,
typed sctipt document, a displacement to the left
(tight) is likely to be followed by a samilar
displacement to the left (right). Therefoie, the
second most likely event is that two spccessie
pel displacements are hoiizontallh cottelated
(Reference Fig. 1). This event is qIven a two
bit code and successive pel displacement, which
ate not horizontally correlated and ate ai en a
thiee bit code woid.

Reference 4 shows that aftei considetina eitical
pel displacements of plus ot minus one, little
can be gained by extending the code to covet
larget horizontal displacements. Thus, the
choice was made to not code the veitical mode
past one pel displacement. This is, of course. a
value judgement which has been made based orn
simplificat.on of implementation.

Horizontal Mode

This mode was the next most probable event arid
was given a 4 bit code followed by two modified

Huffman run length codes.

The use of two successive tun lenoth codes was
chosen since it has been shown that one
horizontal run length tends to follow another
horizontal tun length.

2.4 Special Code Words

These code types ate used in the coding scheme to
soecify conditions other than tun coding. The only
specific example studied hete is the Pass Mode, PM,
code. Howe~er, in general, any unique document
featute would be handled with this qeneral type of
special coding parameter.

The PASS code is a code which could be optionally

utilized by the encoder since the horizontal tun
length mode handles the same information (see Fiq. 2).Fu~thetmote, the tun lenth made would sometimes be
more efficient than a series of pass wotds. The

adaptive use of the pass code is thus a hardware
implementation choice available to the desionet of the
encoder with no loss of inteLoperability.

B-4S
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2.5 Fill

This parameter takes the foim of non-usable data
insetted between encoded lines fOL the purpose of
insuring the minimum scan line time. The use of a
6atiable length string of zeros was retained.

2.6 Return to Contiol

This parametei indicates the end of the data encodina
procedures and the transition to the control
ptocedures. In Group 3 equipment, it is s)nonymous
with the end of the document. The use of six
successive EOL was retained since the mechanism is A_
already in place to recei-e it.

3.0 CODE ALGORITHM

The code table is shown in Fiqure 3, some typical
coding examples ate shown in Figure 4, the coding flow
diagrams are shown in Figures 5 and 6, and the code
algorithm is descibed below.

The compression algorithm is comprised of two major
steps. The rist step is to decide whethet to encode
the cutrent line one dimensionally or two
dimensionally. The second step is to actually encode
the current line.

The alqorithm for selecting which lines to encode one '2
dimensionally will .ary qreatly dependinq on the
implementatiin. Thus, it was felt that the optimum,
but mote complex, alqorithm should be tested. Th is
consists of encoding each line usino both one and two
dimensional coding then tLansmittinq the code with the
fewest bits. This aloorithm is described in the flow
diagram in Figure 6 with the restriction that a
one-dimensional line must be sent at lenst e~e y four
lines.

The two-dimensional alootithm flow diaqram shown in
Figure 6 does not utilize the PASS mode code option.
This was done to simplify the encoding process. The
alqotithm then is reduced to the followina loqical

Fe flow.

eScan the line until a transition element, a1 , Is

t aim
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found. If it can be encoded by ertical correlation,
then do so; if not, encode th, accumulated run length
and the succeeding run length using the ttardard
(mudified Huffman) one-dimensional scheme. Then
continue to scani the line.

The following definitions are necessary in
understanding the encoding flow diagrams.

go: Starting picture element on the current
coding line which becomes the reference
picture element for the beginning of a run.
An a element is always placed prior to the
first picture element of each run.

al: Changing picture element on the current
coding line, next to ao . Element a1
signifies the end of the a0 a1 run. An a1
element is always placed after the last
picture element of each run.

az Changing picture element on the current
coding line, next to al.

bl: First changing picture element whose color
is opposite to so, and which occurs on the
reference line after the picture element
just upon ao.

blA: The picture element on the reference line
which is directly above a1 .

bit: The picture element on the reference line
which is one pel to the left of bla.

bIR: The picture element on the reference line
which is one pel to the right of bla.

D2: Changing picture element coming after b1 oft
the reference line.

blL blA blR bl b2-

O al a2

B-6
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11 R

1/ "

DISPLACEMENT . * . *

Figure 1 - Horizontally related vertical displacements
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<i, ,.: CASE I ";.i 'i ," ..: ' -

, OPTION PM VMZ PM VMZ VMZ

OR

VMZ F... HMR + MH1 (12) ) + HH

" " 4" " ."~: . I ' -:- "..kI 1
CASE2 -A. I

HMR + MH1 (12) + MH2 (4

V4Z

CASE 3 [. I Ik' I II
HMR +-A (2

v~z 1M ii ( 2 + MH2

CASE 1 : OPTIONAL PM MAY BE SENT.

CASE 2 : THE FOUR TRANSITION ELEMENT ON THE REFERENCE LINE ELIMINATES

THE PM OPTION.

CASE 3 : THE NECESSITY OF HORIZONTAL MODE RUN LENGTH CODING ELIMINATES

THE PM OPTION.

Figure 2 - Explanation of the Optional PM Code

B-8
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HMR M

(4,1)(23

HMR YMC HMR

(0,3)(62

VMZ Y?4Z YMZ HMR

(5,0)

VMZ VMU VMC VMZ YMZ HMR 2

OR (4,0)
VMC

VMZ M VMC VMZ VMU VMC HMR (9,2)

VMC

Figure ii-Typical coding examples
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Inter.natic.al Telegraph rand Teleoncre Ccrrigendum to
Consultative Co ittee COM XTV-No. 74-E

(CCITT)

Period 1977-1980
Original - English

Question 2/XIV
Date July 1979

CORRIGENDUM TO STUDY GROUP XIV CONTRIBUTION No. 74

SOURCE: 3M COMPANY

TITLE : CORRECTION TO THE PROPOSED TWO-LIMENSIONAL CODING ALGORITHM

I. Introduction

In an effort to complete Contribution COM XIV-No. 74 by the March
deadline, some errors in the original text were not found during
proofreading. The corrections for these errors are listed below.

Section 3.0, 3rd Paragraph, 8th line: Change Figure 6 to Figure 5.

Figure 3: All of the codes are inverse polarity. The coding ,7
should be:

MODE CODE

VMZ I
VMC 1 0
VMU 1 0
HMR 1 1 1 0 + MH1, MH2
PM l1110

Figure 6: The mnemonic VtM4 means: Vertical Mode Memory.
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Consultat ive Cnr~mi ttee

(ccIT':)

Period 1977-1980 Original : English

Question : 2/XIV Date : 19 January 1979

StUDY GROUP XIV - CONTRIBUTION rio. 64

SOURCE: IBM EUROPE

TITLE: PROPOSAL FOR TWO-DIENSIOMAL CODING SCHEME.

1.0 Introduction

Draft Recommendation T.4, generated at Study Group XIV meeting ov.
14-18, 1977, provides for the possible extension of the (standard)
one-dirensional coding scheme to a two-dimensional scheme. This was to
be the subject of further study. The contribution contained in the
following pages describes such a two-dimensional coding or compression
scheme, based on the one-dimensional scheme of Draft Recommendation
T.4._

The proposed compression scheme contains the one-dimensional scheme as a
subset and requires that the first line of a page be encoded in this
manner. When required, the entire page may be sent as the
one-dimensional sct.eme.. A given machine can readily operate with either
the one- or two-dimensional scheme as dictated by the capability of the
receiver.

Taking advantage of the vertical correlations between scan lines as well
as the horizontal redundancy results in significant improvements in
corpression. With two-dimensional coding the compressed data does not
double when the vertical definition is doubled. This improves the speed
at which the optional higher vertical definition can be transmitted.
For some applications the higher quality with the greater vertical
definition may be essential.

Ease of hardware implementation, compression efficiency, speed of
processing, error sensitivity, and future extendability to higher
resolutions are all important in selecting the two-dimensional option.

Ccntributicn retnrdie publide aeulement dans la langue rueue
(angiais), sano traducticno supplementaires, con~crmdment Aux
diepositicna de la REsclution N' 1, paragraphs 1II.4.d) adcptde
par la VIe Auoemblie (1976).

Late Ccntrib jton publiched only in the language received (Engl1-h),
withcut further tranulaticno in accordanee vith 'Resoluticn Nc.l,
paragraph III.4.d)Vlth Plenary Assemt:y (1976).

Ccntribwuten retrdadn publicado ed1. en el Idicm en quo se
"ec~ibi in,16s), sin ctras traduoctcnea do ecnformidad ccn

(2164) la ReocluciN. 19., pirrafo I11.4.d), VI Asambl*3 Plenarka {196).... . .0 .. .. . . ... . . .. .... ...
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Higher resolution and speed requirements should not make the data
compression algorithm obsolete.

The following two-dimensional data compression scheme is proposed as the

ttio-dimensional option for Group machines.

2.0 Two-Dimensional Coding

The two-dimensional scheme is a line-by-line coding rethod which
requires the storage of one scan line for use as the history 'ine for
coding the next line. It is a natural extension of the one-dimensional
data compression standard, Those runs which are highly vertically
correlated are referenced to the history line. The rest are coded with
the Modified Huffman Codas of the one-dimensional scheme. Improvements
over traditional line-by-line coding schemes are obtained by making
efficient use of the code words and by allowing dynamic interpretation
of some code words. The end of line (EOL) code contains the same unique
string of ten zeros to use for resynchronization purposes as the
one-dimensional standard. Fill zeros can be used to obtain the minimum
(permissible) transmission time. This scheme can code any length line.
Thus, it allows for future extensions of coding to hither resolutions or
wider pages.

Pore detailed descriptions of the coding method are given in Appendix 1
along with some coding examples. Appendix 2 illustrates how the scanned
image can be processed synchronously by eyamining the current scan
picture element (pel) and two pels above it on the history line. State

.diagrams are shown for processing the scanned data in one step and then
generating the code words in a second step which can be in process at
the same time.

3.0 Compression Results

Appendix 3 gives tables of the compression achieved with the
two-dimensional coding for three sets of the eight CCITT test documents
at the normal vertical definition and for two sets at the higher
vertical definition. The effect of two treatments of the history line
at the right edge is also shown.

Two-dimensional coding schemes based on line-by-line coding risk having
errors made in one line propagate into succeeding lines. This error
propagating effect can be restricted by interleaving lines encoded by
the two-dimensional scheme with lines encoded by the one-dimensional
scheme. The interleaving can be done systematically, a one-dimensional
line every Kth line; however, as proposed here, the bit stream carries
information as to how each line is encoded so that the transmitter may
either inject one-dimensional encoding in any desired manner or may be
required to do so periodically.

For the normal vertical resolution the three sets of documents have an
average transmission tite ratio of 87/ when one- and two-dimensional
coding is alternated for successive scan lines as comoared to the
standard one-dimensiona) coding. At the higher definition the average
transmission time ratios for two sets is 70% when only every fourth line

(216)0-2
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is coded one-dimensionally. The average ratio improves to 65% for the
normal definition and 52t for the higher definition if one-dimensional
coding is not required periodically.

4.0 Conclusion

The proposed two-dimensional extensior of the one-dimensional coding
standard gives significant inprovements in comcression over the
one-dinensional scheme. Flexibility in the choice of the freauency of
one-dimensional coding and in the use of EOL's permits trade-offs
between compression efficiency and protection against error propagation
to be made according to the local error environment.

(2164) C-3
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APPENDIX 1

TWO-DIMENSIONIAL CODINP SCHEME

The following two-dimensional data compressior scheme which is an
extension of the one-dimensional standard is vronosed as the I-roun 3
machine two-dimensional option. The same data comoression scheme with a
slightly different treatment of a document's right edoe can te used for
error free environments.

1.0 Error Prooaqation

As mentioned previously, for reasons of restricting error propanation,
one-dimensional coding can he used for the first of every K lines. The
parameter K can be chosen to fit the local environment. For rtrour 3
machines it is recommended that K = 2 for the normal vertical definition
and K = 4 for the higher resolution.

2.0 One-Dimensional Codina

The first line must be sent one-dimensionally. The Modified Hufft.an " <
Codes (MHC) of the present one-dimensioi.J standard are used. They
depend upon the run length count (CT) and whether the run is black (B) 41
or white (W).

3.0 Two-Dimensional Coding

The two-dimensional scheme is a line-by-line coding rethod .hich
requires the storaoe of one scan line for use as the history line for
codinq the next line. It is a natural extension of the one-di.ersional
data comoression standard. Those runs which are hiahly vertically
correlated are referenced to the history line. The rest are coded with
the Modified Huffman Codes of the one-dimensional scheme. Improvements
over traditional line-by-line coding scheres are obtained hv making
efficient use of the code words and by allovinq dynamic interoretation
of some code words. The details of the scheme are soecified below.

3.1 Transition Elements

A transition element is usually defined as the pel following a
change of color. For purposes of illustration the followina labels
will be used:

S - Transition element which starts the run.

C - Transition element which ends the current run.

H - First transition elerent on the history line (if it
exists) which is the same color as C and to the right
of S.

Figure I shows S, C, and H for two runs.

(n164)
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If an end of line code is to follow the data for the current scan
line, a hyoothetical C is assumed after the riahtmost nel to force
termination of the run.

For Aroup 3 machines (in jhich an EOL code follows the codinq of
every scan line) the history line is extended by tv,o hyonthetical
pels. If the final historv pel is white these oels are a
black-white pair. For a final black oel they will be a white-black
pair. This quarantees that there will always he an H for the final
run because both types of transition occur on the right hand edge.

3.2 Vertical Peference Coding

If C is directly under H, the run is coded as an error of zero (EL)
in vertical alionment. If C is one position to the left of H, the
run is identified as an error of minus one (EM) when compared to
H. Similarly if C is one pel to the right of H, then it is called
an error of plus one (EP). Some examples are shown in Figure 2A.

If C is not within one pel of H, then the run is identified as a
run length feature. See Fiqure 21 for an example. In order to
distinguish the run lencth codes from the vertical reference codes,
a run length pre~ix (RL) precedes the count encoded with "HC
(Modified Huffran Codes).

The runs which ust be sent as run lenath features are -ot
independently distributed among the vertically alianed runs. About
half of them imediately follow another run length feature. Even
though EZ is most likely in gereral, after a run lenath feature
another run lencth feature is most probable. This strona
correlation can be used to achieve better corroression by traking the
code assignments for E7 and RL conditional on the previous
feature.

The Code Table is listed telow for the PL prefix and the vertical
reference codes.

Code Table

Following Following
run length -EOL, FZ, FP or FM

RL-prefix 1 01
EZ 01 1
EM 001 001
EP 000 000

0001

* Even numbered EP's in a series of EP's have ar extra
1. This extra 1 is reouired to orevent a false FOL code
in the event that several EPs in a row are encountered.

(2164) C-5

L



Com XIV-."o. 64-E

3.3 Efficient Use of Code Words

An additional improvement in compression is achieved by efficient
use of the code words. The run length to be coded is shortened by
not counting those pels in the run which are directly under H or
one or two pels to the left. Thus the counter (CT) will sometimes
have two or three counts less than the actual run length and the
MHC for CT may be shprter. Small circles in Figure 3 show those
pels which are not counted. If any of those pels had teen the
final pel in the run, then vertical reference codes vould-have been
sent rather than run length codes. The decoder in turn recomnizes
the same pels and does not decrement the counter for the positions
directly under H or one or two to the left of H. This usually
gives a systematic 2-3% improvement in compression.

3.4 Extention To Lines Longer Than 2560 Pels

Every time CT (run length count) a 2560, a carry code (same bit
pattern as the makeup code word for 2560) is generated. S is then
moved past the list pel counted and a new run ol the same color is -:
started. If this new S is identical with C, then a run length of
zero for the old color is sent. Carry is the only makeup code
which is not necessarily followed imediately by a terminating
code. During two-dimensional coding a carry can be followed by a
vertical reference code, another run length code including a carry,
or an EOL.

4.0 End Of Line Codes (EOL)

EOL codes contain the same unique string of at least ten zeros followed
by a one that is in the one-dimensional EOL. However, the optional
longer string of at least eleven zeroes followed by a !. is always used.
A tag bit is added to indicate which type of coding will follow. A tag
of 0 indicates one-dimensional and a tag of I specifies two-dimensional
coding.

During two-dirrensional coding a run length prefix must precede the EOL
to distinguish it from EP's. A string of EP's is prevented from
generating eleven or more zeros in a row by appending a I to the even
numbered EP's.

End of line codes are reauired to precede the first line (w:hich rust be
coded one-dimensionally) ard must also occur whenever a switch is being
made between one- and two-dimensional coding. In addition, for Croup 3
machines it is expected that EOL's will be required on every line.

After an EOL the first code word represents a white run. If the first
pel is black, a white run length of zero must be sent to specify the
color change. When two-dimensionally coding, an EZ is usually more
likely than a run length code; so it is given the shorter code word
after an EOL.

(-6 i
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5.0 Fill

Fill zeros can be used to. obtain the minimum (permissible) transmission
time per line. The extra zeros are inserted into the string of zeros in
the EOL codes. An EOL must be used if fill is needed.

6.0 Return To Control (RTC)

The return to control sequence is maintained as six end of line codes.
Each EOL should indicate one-dimensional coding to follow.-

7.0 Error Free Environments

In error free environments or where retransmission is possible, EOL's
may add unnecessary extra bits. The coding scheme allows for
considering the scanned image as one continuous bit stream in which the
rightmost pel on a line is followed immediately by the leftmost pel on
the next scan line. Figure 4 illustrates the sequence of pels. While i
this wraparound capability may not be desired in Group 3 apparatus, the
capability may be very useful in the proposed Group 4 apparatus.

The ?VHC's require knowledge of the color of the run for correct
decoding. For the one-dimensional coding scheme every line starts with j
a white code word. (A run length of zero for the white run is sent if
the line actually starts with a black pel.) EOL's on every line make it
possible for the decoder to identify the starts of new lines without
having to first complete reconstruction of the last scan line. Without
the EOL's it is possible for two white code words to occur together in
the compressed data stream. Parallel (and independent) processing of
the compressed data and reconstruction of the image is severely
restricted if the color of the next code is dependent upon whether the
preceding code word represented the final run on a line. So in
environments where the EOL's are not used, the wraparound technique
guarantees teat the color of the code words alternates (with the
exception of the carry feature which is known to be followed by the same
color). This allows coding of the compressed data into features to be
independent of the position of the runs on the scan lines.

Figure 5 shows determination of the features'using both techniques.
The hypothetical history pels are dotted in Figure 5A. The small
circles show which pels are not counted. The features are explained in

. Appendix 2. In both cases the first line is coded one-dimensionally and
ended with an EOL. In Figure 5A EOL's are required for each line while
in Figure 5B EOL's are only used to switch coding schemes.

M1 (2164)
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APPE14DIX 2

STATE DIAGRAMS

The process of determining the code words to represent the scanned data

can be illustrated by state diacrams in two steps. The first step
synchronously uses three tits (one pel on the current line and two above
it on the history line) to determine the next state. Every time a
transition element is fdund, a feature is output to the second step.
The more commson features are EZ, EP, EM, OLU,, RLB, IRI.W, and ORLB. (A
'D' prefix on features and states indicates ore-dirensione'! codino.)
These features are used as the invut to the second step. Iince the

second step remembers the last code word type, the correct hit patterns
can be generated for any secuence of features.

1.0 Inputs to Encoder Step I

Three bits of data are needed to determine the next stete. They are the
current pel (CP), the history Del (PP) which is inrediately ahove rP on
the history line, and the history pel look ahead (HPLA) which is ore nel
to the right of HP. Figure 6 shows the positions of P, PP, and PPLP as
CP moves from the one scan line to the ,ixt. In Figure 6A CP is the
third position from the end of the secor, line. Above it is PP and
above to the right HOLA. In Fig. 6S the next Del is beine processed.
For Fig. 6C CP is now the final pel in the ling. The H P is still above
it. Since hypothetical history transitions (t) are to be introduced 'or
Group 3 machines, HPLAt is a hypothetical pel to the right of HP. The
hynothetical pels are shown as dotted boxes. If instead the history is
to be treated as a continuous (c) stream, HPLAc has roved to the next
scan line (which i the. sarre scan lire that the rP is on). Figure 60
shows HPt, HPLAt, HPc, and HPLAc if the run is forced to terrinate for
an EOL. The HPc and HPLAc are the first two pels on the scan line beinq
completed. The CP for generating a hypothetical transition to terminate
the run is also shown. Fiaure 6E shows the condition when the new scan
line, namely the third scan line, is started and Figure EF shows
processing the next pel.

2.0 State .Diaoram for Encoder Steo I

The state diaoram for the Encoder Step 1 is illustrated in Fioure 7.

The three innut bits are CP, WP, and HPLA respectively. A white nel is
specified by a '0' and i black pel by a '1'. Dashes in the state
diagram indicate 'don't care' bits which can be either a 0 or 1.
Trianqles indicate when a different path will be taker according to
whether CT z 2E60 or CT 4 P560. The sinqle asterisk (*) indicates i"hen
to increrrent the counter. A double asterisk (**) desinnates that the
counter is reset to 1. States are shown in circles v-hile the outputs
(which may have the same namre) are in boxes.

As long as CP is white, the next state will be ore of the white states
on the left side of the state diagrams for Step 1. For a black Cr, the
next states are on the right side of the dianrar s. Each time the color
changes or CT 2560, some output is generated for use in Step ?.

(216h) c-8
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2.1 One-Dimensional Coding

Processing of the scanned pel starts with one-dimensional coding in
the START 1-0 state in Figure 7A. A white pel causes a transition
to the one-dimensional run length white (DRLW) state. As long as
CP remains white, the counter will be incremented and the state
stays the same. A change of CP to black outputs a one-dimensional
run length white feature (DRLW) and causes a transition to the
one-dimensional run length black state (DRLB). This process
continues until the end of the line. If an end of line code is
desired, the run is forced to terminate and the final run lenoth
feature is followed by an end of line feature which specifies
continuing one-dimensional coding (DEOLI) or sw4tching to
two-dimensional coding (DECL2). (The end of line sequence is not
shown in the state diagrams.)

The diagram also shows what happens when the run length counter
reaches 2560 %ithout a transition. In that case a one-dimensional
carry feature (DCRY) is output and a new run of the same color is
started.

After a DEOL2 (which specifies two-dimensional encoding) the START
2-0 state is entered (See Figure 7B).

2.2 Two Dimensional Coding

If CP is black in the START 2-0 state, then a run length zero white
(RLOW) feature is output in order to indicate the color change.
For white runs, the first time HP is white and HPLA is black
locates H. For black runs, the significant combination is a black
HP and a whi.te HRLA. Once H has been found it is no longer
necessary to consider the history line until C occurs.

If H does not occur immediately after S, then the run will begin in
the start white (SW) state or start black (SB) state and will
continue in those states until either H is found or the run length
terminates. It is possible, if no EOL was used on the last line,
to get to a count of 2560 before C. In that case a carry is sent
out (CRY) and a new run zf the same color started. If C occurs
just before H, then an EM codes that particular run. Otherwise a
run length white (RLW) or run length black (RLB) is sent. 1.1hen H
is reached on the history line, then the next state is the white
EZW or black EZB state. If the run continues, it goes to the EP
(EPW or EPB) state and finally into the run length (RLW or LB)
state. If a termination occurs in the EZW or EZB states, then the
feature will be an EZ. If it happens one pel later while in the
EPW or EPB states, the output will be EP.

From the run lencth states (RLW and RLB) the output is usually a
run length feature. However if the counter reaches 2560, a carry
(CRY) feature is generated. After outputting CRY a new run is
started. If the run should be exactly 2560, then a carry must be
followed by a run length of zero (CROW and CROB).

(2164)
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It is necessary in a two-dimensional codinq scheme to have history
data '.nat would be the same as that seen in the decoder so that
interpretation of the code is independent of the edge of the
image. Therefore when run lengths are forced to terminate at the
end of the scan line so that an EOL can be inserted, for rroup 3
machines the HP and HPLA are hypothetical pels. When EOL'. are not
required on every line, the HP and HPLA used are the same as for
the first pel on the next line.

The EfL for use at the end of two-dimensionally coded lines is
either an EOLI which soecifies one-dimensional codinq next or an
EOL2 which scecifies ccntinuinq with two-dimensional coding. The
run length prefix orecedes the strinq of at least eleven zeros
Oollowed by a I. The tag bit is a 0 for FOLI and a I for FOL2.

2.3 Peturn to Control

Six EOL's are generated for the return to control secuence. If the
final line were tw.,o-dirrensionally encoded, the features would be
EOLI, DEOL, DEOLl, DEOLI, DEOLI, and PEOLI. For one-dimensional
coding six DECLI's are recuired.

3.0 Examles of Features

Figure 5 gives some examples of features which would have been
determined by Step 1. Circles indicate oels which are not counted. The
dotted pels in Figure 5A are the hyoothetical history nels. Fieure 58
shows how the wraoaround decreases the number of features needed zo
characterize the image..

4.0 State Diaoram for Encoder Step 2

The state diagram for the second step of the coding process which
translates the features into code words is shown in Figures 8A, FB, and
8C. As defined below the states PR, PE, and PEP indicate the orevious
type of code word. If the orevious code was a run lenoth code (.:hich
includes the carry), Step 2 will be in the PR state. If it vas an FZ,
EM, or end of line code, it will always be in the PE state. rollowinq
an EP there are two possible states, either PE or PEP dependino upon
whether the EP was the even or odd numnered feature in the seouence of
EPs. The input to Step 2 is a feature which has been output from Step
1.

(216)
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APPENDIX 3

COMPRESSION RESULTS

CompressiQn results are reported in Tables I to 6 for three different
*scannings of the eight CCITT test documents. The A set was used for the

Graphics Coding Contest of the 1976 Picture Cod 4ng Symoosiur (Asilorrar,
California, January -197E). The documents were digitized for 1728 pels
per line by 2:28 li'nes, nominally 8 pels/mm x 8 lines/mm (8 x 8). The
sets B and C were obtained from the French PTT. The B set was digitized
at 1680 pels per line by 2376 lines (8 x 8). The C set was scanned with
1680 pels per line by 1180 lines, nominally 8 x 4. The two higher
vertical definition sets were used to simulate 8 x 4 definition by
compressing only the even n'jmbered lines. Table 1 summarizes the
specifications for the images.

Table 2 lists the results as average transmission times per document set
for one-dimensional coding at 4800 bits/sec. The EOL used for the CCITT
standard was eleven bits (COCO0001). For K - 1 the EOL on each line
was thirteen bits (COCOOOODOO1C). The 5 msec and 10 msec results
include sufficient fill bits to obtain those minimum transmission times
pEr line (24 bits and 48 bits respectively). Th3 average transmission
times can be converted into average compressinn factors by dividing the
total pels by 4800 x time.

The label WRAP indicates that the images were treated as a continuous
bit stream with wraparound. Runs are terminated only if an EOL had to
be inserted into the compressed data stream in order to change coding
from the one-dirensional to the two-dimensional or from the
two-Aimensional to the one-dirmensional schemes. The EOL's before the
first line (which is coded one-dirensionally) and the RTC seouence are
included. For K = ! there is n:o switching; so these are the onl-
EOL's. For K = 2 there will be an EOL after every line. For K > 2 an
EOL will precede and follow each one-dimensionally coded line. No fill
bits are used in wraparound results.

The labels NO EOL, 5 msec, and 10 msec always indicate that the final
run on each line terminated with a hypothetical C transition element.
For NO EOL the fill bits and EOL have been removed.

Removing the EOL's and fill needed for 5 msec saves about 5 for
one-dimensional coding. However, the wraparound technique saves another
5!: because the margins on the right and left edges becore one long run
instead of two.

The average transmission times are listed in Table 3 for the case in
which only the first line is coded one-dimensionally and the rest of the
image is coded tho dimensionally (K = infinity). The results obtained
by terminating the history line with hypothetical pels on the right edge
are labeled TRANS. (About 907; of the time this introduces a
hypothetical H transition element.) The history line can also be
treated as a continuous bit stream (CONT.) even though an EOL is
required on every line. Having a continuous history rather than

(2164)
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transitions on the right edge gives atout 10% less compression for the
NO EOL case, but less fill is needed, so there is only about a 5;
difference for the 5 msec cast. If EOL codes are rot needed, then
wraparound (WRAP) can give compression within 21 of P'O ECL with
hypothetical history transitions (TRANS.) (In additioti to the EOL's and
fill bits, the EOL r-in length prefix and th. extra l's in a sequence of
EP's are not included in the two-dimensional NO EOL results.)

Tables 4 and 5 show the performance for Group 3 machines for K a 2 and K
4. The 10msec CONT. columns for K a 2 and K a 4 were obtained by

interpolation. The rest of the entries came from simulations of the
compression or actual encodings of the images.

Table 6 collects together the average transmissions times for k 2 and
k a 4 (TRANS.) for the proposed scheme for Group 3 machines and the
results using wraparound for k a infinity along with the current CCITT -"1
one-dimensional coding scheme. The ratios of each two-dimensional
coding scheme to the onr-dimensional scheme are also tabulated. The ]average transmission time ratio for the normal definition (K a 2,TRANS.)
is 87%. For the higher definition this ratio is 7C* (K -4,TRANS.).

a a!

V
(2'1
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Table D. Document Description
Eight CCITT Test Documents in Each Set

7 DoC. f0M'IrNAL LINES PELS/ TOTAL
SET DEFINITION DOC. LINE PELS SOURCE
A8 8 8 2126 1728 3677M4 Graphics Codro Contest88 8 * 8 2376 1680 3991680 French PTT 8 Y 8A4 8 x 4 1064 1728 1838592 Half of AS lines64 8 x 4 1188 1680 1995840 Half of 88 linesC4 8 x 4 1188 1680 1995840 French PTT 8 x 4

Table 2. One-Dimensional Coding

Average Transmission Tine (Seconds)
(4800 bits/sec)

DOC. CCITT, 1-D K - ISET NCO EOL 5sec 10msec Smsec 1msec WRAP
A8 89.0 93.9 95.8 94.8 96.5 83,988 107.1 112.6 115.2 113.5 116.0 101.9A4 44.5 47.0 48.0 47.4 48.3 42.0S4 53.5 56.3 57.6 56.8 58.0 51.0C41 51.6 54.4 55.9 54,8 56.2 49.2

Table 3. To-imnsional Coding K infinity

Averaae Transmission Time (Seconds)
(4800 "b ts/sec)

OC. NO EOL 5 msec 10 msecSET TRANS. CONT. TRANS. CONT. TRANS, CONT. P
A8 50.4 56.4 58.1 62.9 61.4 64.6 5C.888 56.8 62.6 65.6 70.0 69.5 72.6 56.5M 31.8 34.7 35.6 37.9 37.1 387 31.984 35.4 38.2 39.6 41.7 41.5 43.1 35.0C4 34.3 37.3 38.6 40.9 40.5 42.3 34.5

(2164) 
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Table 4 Two-Dimensional Codin9 K 2
. i" Average Transmission T ime (Seconds)

F '. 
(4800 bits/sec)

DOC. 5 msec 10 msecSET 5 CONT TRANS. CONT. WRAP,
SET TRANS. COIT.10se

A8 76.4 78.8 78.9 80.6 78.888 89.4 91.7 92.6 94.2A4 41.5 42.7 42.7 43.5 42.784 48.2 49.3 42.7C4 46.7 47.8 48.3 49. 3

48.3 49.2 47.8

Table 5. Two-Din'ensional Coding K 4
Average Transmission Time (Seconds)(4800 bits/sec) ,

4DTC. S msec 10 msecSET TRANS. CONT. TRANS. CONT. WRAP.A8 67.3 70.8 70,1 72.6 64988 7. 80.8 81.0 83.4 74.2A4 38.6 40.3 39.9 41.1 37.384 3.9 45.5 45.6 d6.8 42.2C4 42.7 44.4 44.4 45.8 41.2

Table 6. Ratio of Two-Dirrensional to One-Dimensional
Transmission Times

DOC. 1-0 K a 2 RATIO K 4 RATIO WRAP RATIO
SET sec sec 

Wec RAcA8 93.9 76.4 0.81 67.3 0.72 50.8 0.54
88 112.6 89.4 0.79 77.5 0.69 56.5 0.50A4 47.0 41,5 0.88 38.6 0.82 31.9 0.68
84 56.3 48.2 O.86 43.9 0.78 35.0 0.62
C4 54.4 46.7 0.86 42.7 0.79 34.5 0.E3

-II
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C _ur,-en" Line >4_

Figure 1A. Tronsition elements for the white run.

Hstory Line 5. . I

Figure IS. Tronstion elements for the next (block) run.

Figure 1. Transition elements

'14

History Line
Current Line~ NEE1I

Figure 2A. Examples of Vertical Reference Features.

History Line
Curren? Lne~ Vol ~E

EZ RL & EA E

Figure 2B. Example with a Run Length Feature.

Figure 2. Features

i' (2164)
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History Line /, -zi ,/4

Curren! Line :
0 0 0 0 0

'00

Figure 3. Circles show pels which ore not counted.

Scan Line

1 2 .3 ... 5-
2 6 78910
3 11 12 1314 15
4 16117118119120

Figure 4A. Four lines of five pels each.

History I 2 3 4 5 86 77 98 01 1011 21314115

Figure 4B. Continuous pel siream.

Figure 4. Wraparound
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TITLE PROPOSAL FOR AN OPTIONAL TWO-DIMENSIONAL CODING SYSTEM FOR GROUP 3 APPARATUS

1. Background

At the November, 1977 meeting of CCITT Study Group XIV, an agreement was reached
on all of the standard parameters required for a Group 3 machine. Additionally, a
number of optional parameters were defined. These agreements are oll recorded in COM
XIV-No. 25, pages 33 to 39 in draft Recommendation T.4. Included in Recommendation
TA4 is the standard one-dimensional coding scheme to be incorporated in oll "standard"
Group 3 apparatus. It is further stated in Recommendation T.4 that a two-dimensional
coding scheme, offering enhanced operation, may be provided as on option within Group
3 equipment and should be a natural extension of the standard scheme. This two-
dimensional coding system is for further study and is the subject of this contribution.

At the December, 1978 meeting of Study Group XIV, a significant amount of discussion
centered around the criteria for choosing the two-dimensional optional code. It was
finally agreed that the most significant criteria for this selection should include:

* Compression factor
e Error susceptibility
9 Complexity and implementation cost
* Patent status

as well as other desirable factors based on the extension of the standard code and the
extendability to future codes, resolutions, etc.

Based on a study of those proposals presently contributed to Study Group XIV, Xerox
believes that the compression factors and error susceptibility (for a given value of the
periodicity of foiling bock to one-dimensional coding, K) of the codes under consideration
are all quite similar. Therefore, strong consideration should be given to such criteria as
ease of implementation and potent status.
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Although there is no recson to limit the ut;lization of a two-dimensiono coding scheme
to those apparatus incorporating other optiunal features, it should be recognizea that the
applicability of such coding schemes is best matched to mochir,.s utilizing the high
definition (7.7 Ipmm) and foster scan time options. As this appears to be the prime
application, the results of this contribution relate to such a case.

This paper is intended to propose on option for Group 3 equipment. As such, the
utilization of this coding scheme in Group 4 apparatus is not stressed. However, one
familiar with the concepts agreed to for Group 4 equipmen , will quickly understand that
with minor modifications (suct: as EOL and K) this technique could easily be used for
Group 4 equipment.

2. Discussions
The two-dimensional encoding approach proposed herein is based on a seven element

area predictor. This predictor is placed between the source of the video informotion
(scanner) and the run length counter. The predictor examines tne picture elements near
the pel to be predicted and generates a predicted I or 0 (block or white) based on the
statistical knowledge of a large number of documents. This predicted value is then
compared with the actual pel to determine if the prediction was correct. Correct
predictions generate a W symbol and erroneous predictions generate a B symbol. These W
and B symbols are then run length encoded by a Huff man approach. K.,

Predictor

A simple block diagram of a one-dimension coder is shown in Figure I. Figure 2 shows
that by selectively inserting a "predictor" block between the data source and the run
length counter, the characteristics of the data stream ore modified. If the prediction is
correct, a "W" is presented at the output of the exclusive OR element and the run length
being counted is extended. If an incorrect prediction is mode, the Huffman encoder will
treat the predicted signal as a change of color.

The predicted value is determined by a statistical analysis of the document data once a
particular configuration is chosen. Thai is, the predicted values are arrived at in
essentially the same manner as ,he choice of the codes in a Huffman look-up table. If,
for example, an analysis of documents shows that any particular pixel is nearly always
the same color as its immediately preceding pixel, then that would define the prediction
algorithm. It con be shown that the percent improvement in compression ratio is nearly
linearly related to the improvement in prediction accuracy.

The seven element predictor has been chosen due to its high compression efficiency and
simplicity of implementation. It performs within a few percent of predictors containing
many more elements over three lines yet require only a fraction of the storage necessary
for these more complex configurations. The seven element predictor does offer
substantial improvement over a very simple one-element predictor.- :

Code Table

The coding table structure has been chosen to bc identical to that of the standard one-
dimensional code table, that is run lengths from 0 to 63 (Terminating Code) are uniquely
and individually encoded and multiples of 64 (Make Up Code) ore separately encoded. All
terminating runs include the "" element, as the run would only stop if there were a
prediction error. Thus, the incorrect predictions are "folded in" to the run length
statistics. Only a single Code tobie is required, as the probability of many successive
"B's" is extremely low. D-2
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zrror Protection

Protection against transmission errors has b,-en provided in several ways. Firstly, as in
other proposals submitted to date, a faliback to a one-dimensional approach is
recommended every K lines. Any value of K may be chosen with the proposed coding
scheme. The results submitted in this contribution use K=4 to maintain consistency with
other contributions. The fallbock to one-dimensional cc~ing may be accomplished either
by using the standard one-dimensional code every K line or by "zeroing out" !he
previous reference line of the predictor. The results contained herein utilize the latter
approach. Further study is being carried out to determine the relative merits of each
method.

As a further consideration for error protection, every pel of the scan line is encoded and
a unique end-of-line code is transmitted for each line. This allows the receiving
apparatus to fully decode the information and determine if the full 1728 elements have
been received. Some gains in compression efficiency could be gained by sending an EOL
code immediately following the lost B symbol of the line, however, this would negate the
possibility of error detections.

A short (5 bit) EOL is used whenever tl"A two-dimensional approach is used and the
standard long (I O's + I) is used every K line when the system reverts back t9,one-
dimensional coding. This allows the receiver to completely resynchronize every K"n line
if errors existed in the transmission. Since the Huffman codes will resynchronize by
themselves following an error and also because any error in a line obliterates that line

fhll proct;cal purposes, full system forced resynchronization more often than every 'i
K line is deemed unnecessary.

FILL

As is the case v'ith the one-dimensional standard, a need exists to be able to insert a
FILL code whent-,er devices built to different specifications are interoperating. This
proposal recommenls inserting such FILL code every K line when the long EOL is used.
Thus, if K=4 and the T.30 protocol signals a S millisecond per line capability, this can be
interpreted at the sender as 4x5:20 milliseconds every K lines. If the compressed data
plus the short EOL codes use less than this, FILL will be added at the beginning of the
long EOL, preceding the one-dimensionally encoded line of data.

Patent Status 9

To date, a thorough patent search has not been completed to determine if the material
contained in this proposal is covered by any existing patents. However, this material is
believed to be free of any encumbering patents which would limit its availability. Xerox
believes in the importance of the universal availability of the technologies standardized
by C.C.I.T.T. and will pursue, via a patent search, the answer to this question.

Performance

A full discussion of the performance of the approach proposed herein will not be given in
this contribution. It will be the subject of a companion contribution to be sumbitted in
the near future. However, in order for the readers to gain a general understanding of the
compression factor which is capable of being achieved by this approach the following
data is presented.

The average compression of all eighl C.C.I.T.T. test documents at 1728 pels per line and
7.7 lines per millimeter is 11.57. This data is for a system with K=4 and includes EOL
codes on each line. No FILL has been inserted. At a 4800 bps transmission rate, this
yields an average transmission time of 66 seconds, when operating in the optional high
resolution mode. Compression factors (times) for the eight documents range from 5.5 A
(140 seconds) to 24 (30 seconds). D-4
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3. Proposal

The structure of the proposed predictor is shown :n Figure 3. The prediction table is
exhibited in Table I. The proposed Hoffman code table to run length encoded the W or 8
output of the predictor is given in Table 2.

x xl x? x x d.X 0  1 2 X3 X4

XL X6 Y

X5 "

Figure 3 - Seven element predictcr

ID
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4. SummaryThe predictor and encoding system proposed in this document is felt to meet all of the

criteria set forth by C.C.I.T.T Study Group XIV at its December 1978 meeting. XeroxCorporation recommends that this easy-to-implement and effective coding method beadopted by Study Group XIV as the optional two-dimensional scheme and be incorporatedinto Recommendation TA..
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I. INIODUCIION

r Working Farty 2 at the Study GrouF XIV meeting of
recember 11 to 15, 1978 set forth a tine table for sulmis-
sion, as well as uniform selecticn criteria for evaluation
of two-dimensional facsimile coding schenes proposed for
Group 3 machines. It is wioely reccgnized that a two-
dimensional ccde is necessary to imprcve the compression
Ferformance of a Group 3 machine. In addition, a two-
dinensional scheme will offer increased coding efficiencies
in new classes of terminals which operate in error-free code
environments, where the two-difersicnal algorithm can he ap-
plied throughout the entire image without restart.

[ The proposed algorithm, termred Frank code L1], is a
simple extension of the one-dimersional Modified Huffman
Code. This code gives supetior coding efficiency when
operated either in a Group 3 .erainal or in an error-free[ envircnment. It has the advant%qe that it is based on
statistically relevant image features. There is strong in-
dication that new, more efficient feature-based algorithms
can be designed in the future using this code as their base.
In addition, there are simple ways to extend this code *1
linguistically to incorporate new functions such as mul-
tiplexing non-graphics data into the code stream, or coding
gray scale or color images.

a . The Frank coding algorithm may be implemented simply in
a wide variety of ways. It can be segmented into several
independent processes which can lead to efficient system
designs. 7his code has been implemented in a variety of
systems and has been found to be a highly efficient and 4

'1 reliable algorithm. Based on these factors and others
Fresented in the body of this prcpcsal, AT&T recommends that
Frank code be adopted as a standard two-dimensional code for
use in facsimile terminals.

2. IWO-DIMENSIONALCODING SCHEM

2.1 0VEIVIEN CF CQDING SCHMEL

Frank coding is a two-dimensional, feature-oriented,
statistically-based coding scheme with high coding efficien-
cy, small merczy requirements, and simple logic. it is a
form of line-to-line differential rur length coding, wal.h
the added distinction that it identifies and codes "blobs",
which are collections of geometrically associated picture

(2595) E- 2
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elements (Fels) of like brightness level. we assuire blacK
to be the level encoded.

In trief, the coding structure is as follows. A Is d

set of black runs on successive inagE lines such tnat twu
conditiors ate satisfied. First, a tlob may cortaln no moLe
than cne run per inage line. 'Seccnd, given any two rutis on
successive lines in a blob, their left ends are no nore tnan
three pels apart, and their right ends are no nore than
three pels apart. The parameters codeo for a blcb dre (a)
the position of the blob within the image, (b) the length
cf the toinost or head run, (c) the %ay in which the left
ends and the right ends connect fcr each two successive runs
in a blob, and (d) in some cases an indication of the rinal
or end run ccoea. The CCITT stanoard one-dimensional wnite-
run-length Modified Huffman codebook is used to coat tihe
blob positior Farameter, simultanecusly providing downward
ccmpatibility %ith earlier one-dinensional code machines.
A separate ccdebook includes entries for 93 blob pardaeters.

Behavior of the blob parameters has proved to be
statistically very stable over a large ensemble of inages.
This consistency results from the clcse relation of the
blobs to micrc-structures witnir at, inage which for, a com-
non basis of facsimile aocuzrents. This relation is xeyed
to the restriction that two runs on successive lines iii a
blob may be displaced from each cther nc more than three
pels on either side. In effect t-is controls blct contours
and captures two-dimensional coherence which is reflectea
in high ccdirg efficiency. A ffcre extensive discussion of
the particular choice of the constraint of three is give,,
in Appendix A.

The blot organization of data gives greater control
over defining approximate encodings, which simultaneously
increase coding efficiency and maintain high fidelity to the
original image. Also, there is strcng indication thiat the
Lict data nay he used for pattern recognition purposes to
identify vectors, characters, or higher level image struc-
tures. As ore example, Pferd ard Ranachandran [2) discuss
a ccaruter-aided automatic digitizing system for encoding,
editing, and displaying engineering documents by converting
Frank code tc vector representaticn. On a test docunent
Frank coding yielded a compression factor of 20, and the
vector representation increased this to 36. It is to be
noted that bcth the blob parameters and the vectors were
coded in raw fcrr, and that efficient coding would result
in a higher compression factors. We also note that the in-
dicated vectcr representation gives a high fidelity approx-
imation tc the original image. In addition to improving
compression, the vector representation permits changes to
the image to he made easily either automatically or by
crerator intervention. The authors also discuss the exten-

sion of the system to recognize characters and "elements"

(2595) E-3
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such as rectangles. With this extension the system is ex-
;ected to result in a compression ratio of 180. The use of
blob data to encode image features is also discussed in sec-
tion 4 below.

IL

2.2 'iTAILE: CESCRIP7ION Of COCING SCHEME

2.2.1 Basic Coins Rules

We encode by cowparing the tlack runs on two sequential
scan lines, called line A and line B. In general terms, if
a line B run is displaced from a line A run by nc more than
three pels on toth the left and right sides separately, then
a CONNECT code may be issued. As discussed in Appendix A,
our studies bave shown that a displacement of three results
in both ccdirg efficiency ana in definition of bloc struc-
tures which are of meaningful size and coherence for
feature-based cperations. If a line a run does not connect
to any line A run. then the line a run starts a new blob,
and a HEAD code is issued. Following the initial start or
any restart of the encoding algoriths. in the first image
line which contains any black runs, all the runs are aeaos
of blobs. If a line A run does nct connect to any line B
run, the; me line A run is the last run in a blob, ano an
INC code is issued. In some cases, END codes are redundant
and are accordingly deleted as indicated further belcw.

More specifically, assume a line scanned image and
focus attention at the left margir. Consider the two se-
quential scan lines called line A and line B. The relative
positions of the white-to-black and the black-to-white tran-
sitions in these two lines are co, areo, and codes issued
in accordance with five basic coding rules. For illustra-
tion purpose:, we present these rules in terms of pointer
nechanisws which search the two lines for the transitions.
Many different inplementations using arallel or serial ac-
cess or a cobtination thereof, can be realized. In this
discussion, assume one pointer which woves along line A, and
another pointer which moves along line B, frog left to
right. Note the scan coorainates of the first white-to-
black transition and the first tlack-to-white transition in
each line. In line A, call the coordinate of the first
tlack pel Al. In line B, call the cccrdinate of the first
black pel al. Call the coordinates for the first white pel
after the first black-to-white transition* A2 and B2, for
the two lines respectively. The (AI,BI) and (A2,92) sets
define toc black runs, one in each line. We compare the two
black runs indicated by these sets ard encode according to
the following rules, Uhich are illustrated in Figure 1:

U-4



1) if Ai-bl > 3, issue a niAL code, indicating tnat tne
run in line B is the first run in a blob, and advance
the line B pointer to tne text white-to-black and
tlack-tc-%hite transitions, 31 and B2.

2) If 'Al-EI < 3 and A2-B2 > 3, issue a HiEAC code for the
run in line 0, and aovance tte line B pointer to tie
next B1 and B2.

3) If 1AI-B11 S 3 ana :A2-B2: < 3, issue a CONNZCI code,
inoicating that the runs in lines A arid B connect to
each cth.er in the same blot, and advance both line i
and line B pointers to the next IAI,Bl) and (AwB2J.

4) If Bi-AI > 3, issue an ENC code, indicating tnat the
run in line A is the last run in a blob, and advance 4
the line A pointer to the next white-to-black and
black-tc-white transitions, Al and A2.

5) If 1AI-El < 3 an B2-A2 > 3, issue an END code for tne
run in line A, and aavance the line A pointer to the
next Al and A2.

Upon advancing the line A pointer, if the end of the
line is reacted before a white-to-black transition, then
rule (1) holds for any remaining clack runs in line b. Tnis
condition alsc applies for the first line in the image, ana
for the first line any time after the algorithm is
restarted. Thus, all black runs in these lines are hEADS.
Upon advancing the line B pointer, if the end of tne line
is reached before a white-tc-black transition, then rule (4)
holds for any remaining black runs in line A.

2.2.2 Blot Parameter Codes

In the following we describe the codeword structure for
the HEAD, COMNCT, and END codes. A HEAD code contains two
pieces of information, effectively giving the length of the
first run in the blot, and the position of the bloc in the
image. For the position information we use the standara
one-dimensional white-run-length Modified Huffman codewords.
For the other blob parameters we use a newly constructed
Huffman ccdetook. This new cocetock is completely sepdrate
from the standard one-dimensional white-run-length Moif iea
Huffiran ccdebock. The separation is possible because the
head position code always follows the code for the heao
length. The two codebooks may in fact contain the same
values, which of course have differert meanings depending
upon the ccdetcok accessed. Appendix B shows a specific
blob parameter codebook along with the frequency data of the

(2595)
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blot paraaeters for tne enstuMlE of the elqht stanaora (.CiT
test images. This data assum.os aigitization at fu.L Lesolu-
tion and a % factor of intirity, as discussed furtneL r:eiow.
The Lloo pararreter huffnan coJes are tased on tnis zIEquE.c),
data, with adjustments to accomodate tht end of line (E.cL)
code, the fill bits which mray Le necessary to attain a
,irigum trar.snission tine Fer inage 1ix.e, and resynchroz.iza-
tion procedures, as discussed in full further celow. 6e now
discuss the tlcL parameter codeword structure in detail.

1) HEAD code, position

The blob osition is the numner of white pels uisjlac,=-
ment, D, of the current black head run from eLt hr (a)
the previous black run, or, (b) the left hand margin it
the run is the first black run in an image line. This
last condition is applicarle because in a Group 3
machine each line is terninated with an ECL code. This
parareter is coded with the staroard one-dimensioral
white-run-length Moaified Euffian codewords.

2) HEAC code, length

The length, L, of the heao run is given by a duffaiar.
codeword, or, in the case cf "lcng" heads, by a hutifan
codeword followed by a sutfix ccde. Those runs 40 pels
or less are assigned unique Huffman cocewords. Runs
exceeding 40 pels are classified into three categories.
The first category contains the 31 run lengths of 41
through 71. The second category ccrtains the 511 run
lengths of 72 through 582, and the third category con-
tains all run lengths exceeding 582. Each of the three
categories is assigned a unique Hufffran ccdeword. The
code issued for a head in the first category consists
of the Huffman codeword for the first category, and 5
additional bits to indicate the particular esrber in
the category. Specifically the 5 bits comprise the
binary value of the head length inus 40. Sirrilaily,
the code for a head in the seccrd category consists or
the Huffman codeword for the category, and 9 cits which
contain the binary value of the head length minus 71.
Finally, the code for a head in the third category con-
sists of the Huffman codewcrd for the category, arna 1i
bits which contain the binary value of the head lengLn
minus 582.

Resynchronization is discussed in detail further Lelow.
At this point we note that in nc case does the 5, 9, or
11 suffix consist of all zeroes. Also for resyn-
chronization purposes, if any of the 5, 9, or 11 suffix
bits end in four zeroes, then an additional I is ap-
pended. In these cases, the suffix code consists of 6,
10, and 12 bits for the three lcng head categories
respectively. This condition occurs rarely. Firstly,

(2595) E-6
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it OCcurs for less thajo I cut oi each 16 cinary values
of the suffix bits. Secondly, as can be seen £ron tnt
trequency data in App.endix B, tte number of long heaus,
i.e. tncse of length 41 through 2560 inclusive, is a
total of 1076, as compared fcr example to the nuer of
heads of length three or less, unich is a total o:
33,307.

3) CONNECT code

A CCNiNC7 code defines both the left h,;nu dis1 lacement,
LHS = b1-Al, and the right hard displacement,
RhS = B2-A2. As there are sever left hand disklace-
ments ara seven right hana displacements, there are 4V
different Huffman CONNECT codes.

4) END code

An END code is the same for all blobs. Therefore there
is only one Huffiran LND code.

In summary, there are 43 HEAL length codes, 49 CONIECT
codes, and 1 END code, yielding a total of 93 blob parameter
codes. The coding for one tlob consists of a HEAL code ana
one CCNNEC7 code for each run in the kiob on scan iines fol-
lowing the head run, and in some cases an END code. IT, tne
encoded bit stream we freely intermix the HEAD, CCNNICI, ard
ENC codes for cne blob with the same codes for other clo~s.
This is illustrated in the example shown in Figure 2.

It should be noted that an EOL code is not required for
correct deceding. Thus, for example, consider the aecoding
of the codes indicated for the example in Figure 2. As in
the encoding process we may visualize the decoding process
as employing two pointers, one for the last line con-
structed, called line A, and one for the next line to be
constructed, called line B. To construct line 1, we may use
a fictitious line, 0, as line A, ana line I as line b. We
assure line 0 has no black runs in it. The first code,
?fAD(L=4,D=0), causes the run J1 to te constructed. The
next code, CCKNECT(LHS=2,RtS=0), causes the decoder to move
the line A pcinter, searching for the next black run in line
0. The searc starts at the left end of line 0, ano reacnvs
the end of the line without having found a black run. When
this happens the decoder switches to the next two lines in
sequence, i.e. line 1 now tecorres line A, and line 2 becomes
line B. The searc, for a black run now continues in the new
line A, and the run .71 is immediately found. The CON-
NEC(LHS=2,RHS=0) is Trade relative tc the J1 run, therecy
constructing run J2. The next code, H1'iAD(L=2,D=5), causes
the head run, 1 to be constructed. The next code,
CONNECT (LHS=-1,RHS=-1), again causes the decoder to move the
line A pointer, searching for the next black run in line 1.

(2595)
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The search starts to the right cf run J1, and again reaches
the end of the line without having fcund a black ran. !he
decoder switches to the next twc lines in sequence, i.e.
line 2 ncw becomes line A, and line 3 becomes line b. :he
search for a black run now continues in the new line A, ana
the run J2 is found. The CCNNF£C7(1iS=-1,RHS=-1) is made
relative to the J2 run, thereby ccnstructing rur' J3.

Thus we see how CCNNEC7 codes nay be properly oecoaea
with no reference to any EOI codes. This is also the case
for HEAD codes. However, if £Oi codes are inserted Lecause
of the standard Group 3 requirement, then advantage is taKen
of them by srecifying the aisplacefrent, D, of the first
black run in any image line to be measured relative to the
left band aargin, as indicated for exanple by the head run
141 in Figure 2. ,

In addition, in an error free environment or one per-
mitting retransmission, EOL coaes are not required. vhen
we ay consider the bit stream representing the image to oe
continuous, and the end of an image line is "wrapped arourn" "

ri to ccntinue irediately with the beginning of the next line.
In this case, the displacement, C, measures the numrer of
white pels between the current tlack head run and the
previous black run. These two runs nay not be on the same
image line. For example, the aisplacement for the heaa ruia,
Ni, in Figure 2, would be 4, because there are 4 white pels
between run 1 and the previous black run, K5. The two runs
may in fact be separated by any number of lines. The
displacement, D, may exceed the naxinum value of 2560. To
code a displacement equal to or greater than 2560, we aivide
the displacerent by 2560, giving an integral quotient, Q,
and a remainder, R, which is less than 2560. The cocewora
corresponding to the run length value of 2560 is issued i
tines, followed by the codeword for the remainder, B. For
R equal tc zero, the codeword for run length zero is issue.

2.2.3 Deletion of Redundant ENE Cogdes

END codes serve as "tab ccmmands" for a decoder. For
example consider the codes shown in figure 2. Assume that
line 3 is already decoded. The next three codes in the bit
stream are the two ENDS and the CCNNECT(LHS=-IRHS=1). T -
first END code causes the decoder to tab beyond the first
tlack run, J3, in line 3, and the seccnd END code causes a
tab beyond the next black run, Li, in line 3. The CCNNECT
is then ade properly to the next run, F2, in line 3,
resulting in the construction of run X3. if the END codes
were absent, then the CONNECT would have been made er-
roneously to run J3. In some cases the END codes issued ac-
cording to the five rules given previously are redundant.
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In Frank code, three redundancies are recognized. lheae are
terreo the HEC (HEAD, END, CCNZ.ECI) type, the HEH
(flEAD, ENC, 'EiAD) type, and tne CEH (CONNECt, EN, hiAL)
type. In each case, the E re.reer.ts one or a nurLtr of E,4D

codes.

The nEC redundancy is illustratea in Figure 3. The
reaundancy can be seen by Gcooing t~e tloo cata. Assume
that line A is already constructed, and that line B remains
to be reccnstructed. The first ccde, hEA0(I.=12,D=0), is
ccnstructed airectly. Then the ENC ccdes for blobs G, h,
I, J, and K, simply "tab" across line A so that the
C0N1ECT(1ihS=-2,RH5=0) is mad( to run Li, resultirg in the
ccnstruction of run L2. However, the FtD codes fcr blobs

, G, B, and I, can De deleted. These runs can not possiuly
connect to any Dlack run succeeding the heaQ run , because
the left sides of runs G, Ii, and I are more than tnree Iels
away from any black run succeeoing run M. Specifically, the
left sides of G, H, and I are at or tefcre pel position 10, j
and the left side of any run succeeding run M ust Le at or
after pel position 14. By the sane token, the END codes for
blots J and X ,ust ze retained. As indicated in thte tiguxe ,

2 any END run starting prior to pel position 11 may ce
deleted, and any END run startirg at cr after pel pcsition
11 ust be retained. The vdlue cf B2 for run M is 13.
Thus, in general, any run in line A such that H2-Al > i may
be deleted.

A coded bit stream in whict END codes have beet, aelete
requires a sinple change to the decoding process.
Specifically, when a HEAD is decoded, leaving the line b
pointer at the position B2, then the line A pointer is moved
to position E2-3. The codes for any END runs starting at
or to the left of this position ir line A were deleted. cne
actions taker at this point depend urcn the next code in the
hit strear. If this code is ancther hEAD code, then the
head run is constructed, ano the line A pointer is advanced
to the new position B2-3. If this ccde is an END .r a CON-
NECI code, then the decoder searches for the first white-to-
black transition in J,.ne A to identity th-. next cccuy-rng
black run. The earliest position at which such a Plack run
iray start is B2-2. In the exanple stown in Figure 3, assume
that the END codes for runs G, H, znd I have been Qeleted
and that the END codes for runs J and K have been retained.
The HFAD(L=12,D=0) is decoded and ru:" M constructed, leaving
B2 at pel position 13. Next, the l.*ie A pointer is advanced
to position S2-3, which is position 10. TIhe next code in
the bit strear is tth4. first END code. In this case, the
decoder starts at position 10 and searches for the first
white-to-black transition. This occurs between pel position
11 and 12. Therefore, run J is identified as the next oc-
curring black run. The END code is applied to this run, and
the decoder "tabs" beyond it. Siffilarly, the second END
code is applied to run K, and the decoder likewise 1,tabs,
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te-yora it. Ihcu 0o.1y 'h ¢,. h.= 2F!''q O code rt ai:.o

to Le zLOCeSSeO. -:n aecoar f r~is rut, Ll as the ;-.xt LU:)
in line A, a lies the C0'iN.;C: to it. and constructs rurn L..

Ii~ o' ei ezlizdai'cy is illustratf.3 in .z iure L. Agjdaif
the reoun:iancy can be seen hy ieccir.- the lot idatd. ns-
surrr tict lire A Ls alrpaay cct.struct:u ari that liie x
rerair.s to be reconstructa. 7he first heau coa ,
hEA'(L=6,C=O) , 1 reconstructea relative to the lert aldrqi-.-
The s-cono heaa cod-, H-A(=3,C=3) is reconstructcu rtia-
tive to the right end of tne first heaa. To construct rteseheacs, nc reference need be iradE at all to tne twc LiLL coao.)

which tornhi ate clcLs I anu J. Furthrnor , anv .im coue
which occurs LretW,0e thO two nejas, I anu ', is for a ruin
wh,-h under rc condition can correct to a run %,hicn succeeus
run a ir line E. coz.sider for exatiple run J. In crdei zoz
it to be an -ED prec'dina the HEAr icr run ., it tust bi-4
fv rule (4) cr rule (5). Fitner Al for run J tust Lt wore
than tnree to the left of 81 for run M, or, A2 for iun J
must be acre than tnree to the left cl B2 for run i%. i.n
either case, At for run J is more than three to the leit of
a1 tor run F2, making a connection inpossiole. Thus. aZiy
ENC run occurring tetween two iEAS is rot needed tcr con-
structing the }!EAD runs or any succeeding CONNECT runs.

If these ENIDS are deleted, they can ne bypasstu easily
during the deccding process in the same manner as ini cateu
before. It is to be noted that a rur in line A starting adt
pel positicn 9 or 10, can not te an END run £receain ttie
HEaL ,'. Ic kgin with, such runs do rot satisfy rule (,4)
i.e. their left siaes are within a distance of three fromn
the left side of run M. Also, such runs do not satisfy rule
(5). In particular, Al for these runs is not more than
three to the left of B2 for run X. This means that A2 for
these runs is also not more than three to the left of z2 for
run M, thus viclating rule (5). Since these runs can satis-
fy neither rule (4) nor rule (5), they can not be ENES

£rXecedinq the HEAD :. However, they are ENDS follog the
HEAr M, and preceding the CONNECT for run K2. They will De
deleted under the HEC reaunoancy type deletion process
described previously, because in each case. B2-AI > 2.
Thus, the decoder may proceed in this case as in tne
previous exanple, bypassing all runs in line A witn
B2-AI > 2.

The CEH redundancy is similar tc the HER reduidancy aitu
ay le treated the same way in the deccding process.

we have illustrated the deletion of redundant END coaes
by explaining how to handle ther in the decoding process.
In the encoding process, reduncant ENC codes can be oeleteu

by the following rules.

(2595)
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1) Upon iaentification or ati ENE ccncition, the Zih coae
is nct issued impdiatly, tut actions are taxeii
aependirg upon preceding coriiticrs:

it t.e rrceding conoiticis were a CCNNEC'I fol-
lo,.o oy any nuziLuer of -ILS, (CEE...E), lrs a
s-jctied "eritil ccunter is ircreased by I LoI tilt.
current z:,C cojditior. In this case, the eiaO
counter contains a count of the number Or Succts-
sive ENDS that have Leer icrtifieci folloving a
CONVECT code.

b) It the preceuing conaitict:s %ere a LEA. tollowei

by any number of ends, (hEE...E), ther. tilt es-d
counter is increased ty I rcr the current EiNk. corl-
diticn only it Ai. . > B2, %here Al is the
cocroinate of the tirst l in the run icetitxi ,a
as ar, END, dnd B2 is the ccordinate of tne 1,el
fcllcwing the last pel in tne preceding ,I:Ao rula.
In this case, the end ccunter contains a ccuut othe number of successive INCS that have coct, iden- "'
titied following a HEAC ccde, other than those

ins which can not possitll ccnnect to any Ciac.
runs succeeding the inaicated HEAD.

2) Upon identification of a hEAC ccndition, no ENL coues
are issued, the end counter is reset to 0, ana then the
HEAC code is issued.

3) Upon identification of a CCNECI condition, as any .
codes are issued as inoicated ir. the end counter, t.he
counter is reset to 0, and then the CONNECI coae is is-
sued.

2.2.4 End of Line. Fill, and Return to Ccntol Coges

The EOL code is eleven zeroes followed by a 1. fill
bits of zeroes, where required tc attain a specifieo minimum
transmission time per image line, are inserted before the
ECL code. To distinguish the ECL code from the blob
parameter codes, we have prohibited the blob parairetex codes
from having a Frefix of eleven zeroes. As can be seen from
the blob paraueter codebook in Appendix B, no blob parameter
codeword starts with eleven zerces, and thus the configura-
tion for the ECL code, or for the EOI code with fill bits,
can he uniquely determined. Upon decoding such a string of
eleven zeroes, the decoder searches the following tit stream
for the first occurring 1. Any zeroes encountered in this
search are fill bits. To provide for the EOL code, or the
ECL code with fill bits, requires that a few blob parameter
codes have one more bit than if this provision did not have

(2595) E-I'1
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to Le race. It shculd be noted that nany realizaticrs oi
a Huffman code for a given frequency distribution are
ycssile. 1he realizatior, snowr in AEendix p is nighly * -
ficient in that the few blot paradeter codes extenca~ by oie
bit arc tcse uith the iaost inrz'.qutrt cccurrences. 7he

codecook alsc ntets resynchronizaticr rc-quirements as ij.-
dicated further telow.

ehe return to ccntrol coae consists of the stjujoaru six
EGL codes.

2.2.5 51ob Farameter Codebook with Surclementarv Codes

Appendix B show3 the coaebcok ccntaining the 93 LioL)
paraneter codes. Observe that the rules outlinea drove form
the primitive elements or words cf a language whicn
describes twc-diffensional rur length correlation. As the
image is enccded, it is translateo from the oinary jel-Ly-
jel language to the language of HEACS, CCNNECTS, ani it.i .

a particularly attractive inpleentation feature is to i-er-
nit the future extension of this language to include other
prinitives. Such primitives nay, for example, code gray
scale and color, or they may relate to extended image opera-
tions, or they may be codes to contrcl the receiver in
various ways. Economies can De realized by using the same
mechanisff to decode these functions as that used to identify
the basic language primitives. We therefore urge ttiat the
blc parameter codebook be augmented %ith 12 supplementary
unassigned codes, Zs shown in Appendix C. If the ex~anced
codebook in Appendix C is used rather than the codebcox in
Arpenaix B, then only 158 additional bits are required to
code all eight test images, or, less than 20 additional cits
per image cn the average. This assures digitization at full
rescluticn, and a K factor of infinity, as descrikea further
below.

2.2,6 Resynchronization

If transmission conditions result in loss of syn-
chronization, so that the beginning cf a codeword becomes
unknown, the decoder may resyncbronize by searching for a
pattern of eleven zeroes and a 1. TIis is the ECL code, or,
the terminal pcrtion of an EOL ccde with fill bits. This
pattern can not be generateo froa any ccmbination of
codewords. 7o insure this condition the blob parameter
codes obey the following rules.

(2595)
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1) No .EAL, END, or CCNNECI ccde ccnsists of all zeroes
or contains any initial, terr.nal, or internal segment
consisting of eleven zieroes.

S2) No succession of any tuo hEAC, END, or COJNNEI coces

can result in eleven zeroes. As seen fron Apendix 6,
the naxiaufr number of initial zeroes of any of these

codes is five, and the raxinur rumber of terminal
zero .s is four.

3) No succession of any HEAD code fcr the head lengths of
I through 40, followea by any one-ainensional white-
run-length :4odified Huffnan ccde can result in eleven
zeroes. As can be seen frca Agendix B, the aximum
number of terminal zeroes for any HEAD code is three,
and the aximum numoer of initial zeroes for the run
length codes is seven. We ncte that the rraxinur number
of terminal zeroes for any CCNICT code is four, Lut
that a CCNNECT code is never followed Dy a run length
code.I) r;o successicn of any one-diffensicnal white-run-length
modified Huffman code, followed by any HEAD, ENC, or 4
CCNNECI ccde can result in eleven zeroes. This follows
because the maximum number of terminal zeroes in the
run length code is three, and the raximur numeer or
initial zeroes in any Llob paraneter code is five.

5) No succession of any "long head" category code followed
by an associated suffix code car result in eleven
zeroes because each "lcng head" category code enas in a
1, and no "long head" suffix code consists of ail
zeroes.

6) No succession of any "long head" suffix code followeQ
by any cne-dimensional white-run-length Modified Huff-
man ccde can result in eleven zeroes. This follows
because any such suffix code having four tertrinal
zeroes is appended with a 1, and the initial part of
the run-length code has a aximun of seven zeroes.

The blot Farareter cooes are specifically ccnstructed
I to obey the rules above. In addition, they may be expected

to result in efficiencies for Group 4 rachines, %here hDLC
procedures are in effect. In this case the pattern of
01111110 is reserved for a synchronization code for data
frares. Tc avcid occurrence of this pattern in the oata
stream requires insertion of 0 bits in runs of six or more
1s. In this respect we note that lcng runs of 1"s in the
bich paraneter codewords are rare. Furthermore, ccmbina-
tions of thu blob parameter coaewords of five bits or less,
which are the rost frequently used ccdewords, will never
result in six contiguous Vs.

E-I 3
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In Group 3 machines, resynchronization is required upon detection
of any of a number of error conditions. Among these are the following

m) A HEAD code occurs and the corresponding run extends to
the right of the image line of for example 1728 pels,

b) A CONNECT code occurs, and the corresponding run extends to
the left of and/or to the right cf the image line.

e) A HEAD or CONNECT code occurs, and the corresponding run
overlaps, or, is not offset by at least one pel from the
adjacent run, if any, on the left in the same image line.

d) A CONNECT code occurs and there is no candidate run in the
previous line to which a connection can be made.

e) A rONNECT code occurs and the computed right end of the
corresponding run precedes the computed left end of the run.
This occurs, for example, if a run of three pels in one
image line is to connect to a run of one pel in the next line
with a CONNECT (LHS * 1, R{S a -1), but the connection is
erroneously made to a run of one pel in the first image line.

f) An END code occurs, and there is no candidate run in the
previous line to which the END code may apply.I g) An unassigned supplementary code is detected.

Upon detection of an error condition, the decoder searches
for the next EOL code of eleven zeroes and a 1. The code between
the detected error and the EOL code is bypassed, and any remaining
portion of the image line under construction is filled with the
corresponding portion of the previous scan line. This permits
the possibility that the initial portions of the subsequent lines
up to the next restart point are faithfully captured.

E-14
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2.2.7 Error :;an,ilnQ

In Grcu 3 machines, we may restrict error Frcj agatioii
by restarting the coding algorithm =very K lines. ahe K
factor may Le set equal to 2 or 4 for the standard ncrmal
and nigher resclutions respectively. Cf importance, the
restart can te waue adaptive accoraing to line conditioi.s.
The encoder can change the K tactcr at will without having
to transrit any indication of the X factor to the decoder.
A restart sinply causes the black rurs on the next line to
be all heads of blobs. This is a condition which may occur
ncraally, and the decoder need rot krcw that such conaition
is caused ty a restart. I

in Grcup 4 machines, it is normally assumed that an er-
rcr free code transmission environment will be estazlisned
by a level tuo protocol procedure such as HDLC. For such

an environment it is most efficient tc use a K factor of in-
finity and to use the wrap-around coding procedure. Tnere
are, however, rare situations where errors can escape level 4
twc procedures. Thus, the designers of the X.25 procedure
chose to check for frames out of sequence at level three al-
though this is usually completely sclved at level two. An
undetected frafre out of sequence could ruin the integrity
of the X.25 Urccedure. Adaitional error detection can op-
tionally be built into the coded facsiile data cy the
simple addition of a black strie cne pel wide at the right
hand side of the image. The stripe frust be offset from tne
real image data by three white pels so that the stripe will
code as one blob with (0,0) CONNECTS. This stripe uses up
cnly a few pels of the image field which is ncrmally ur.im-
portant. It can be added by an image preprocessor and is
not linked tc the actual coding algcrithm.

In the worst case only, the Ilack stripe will aad 2N
bits to the coded data, where N is the number of scan lines
in the image. In actual practice the number of additional
bits is considerably less. In cur experiments we determined
that the addition of the black stripe resulted in 5941 ad-
ditional bits to code zli eight CCITT test images, or, less
than 750 additional bits per image on the average. This as-
sumes digitization at full resolution and a K factor of in-
finity. Cf inLuzest, for in-age No. 1, addition of the blacx
stripe resulted in 5476 less bits to code the image. Ine
improvement results because of the ccrtainment of the blob
position parameter to one line, and is particularly effec-
tive for sparse images. The stripe provides a simple con-
sistency check at the decoder that nc errors have slipped
past level two procedures into the facsimile code stream.
If an error is detected by the loss cf the black stripe, the
decoding process can be check pointed, and a recovery
procedure initiated. The stripe, of course, can be shielded
frca actual printing. In addition, the stripe limits white
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and tlack ruts in the image plane tc cne scan line whicn my
be an advantage for simple facsimile encooers and aecoaers. I
We feel the black stripe is a very useful adjurct to the
hasic code. Hcwever, *e feel its addition should cc lett
to the individual manufacturer. Cur compression results ao

N not reflect the use of the tlack stripe.

2.2.8 Extension of Line Length

For lines of any length greater than 2560 pels, Frovi-
sion is made for head lengths, i, or displacements, L, equal
to or greater than 2560 as follows. Excess displacements
may be coded as previously inlicated for excess displace-
ments resulting from the "wrap-arcund" permissible in an er-
ror free envircnment. Specifically, divide the given quan-
tity by 2560, giving an integral quotient, Q, and a
remainder, R, less than 2560. The ccdeword corresVonaing
to the value of 2560 is issued Q times, followed by the
codeword for the remainder, R. For displacements, D, the
codewords used are those in the standard one-dimensional
white-run-length Modified Huffman codebook. In this case,
if R is zeyo, the codeword for rur length zero is issued.

For excess head lengths we may follow a similar
procedure. Here we divide the given head length by 2046,
again giving an integral quotient, Q, and a remainder, R,
less than 2046. In this case we first issue the Huffman
code for the third category of "long" heads. Next, the 11
Lit binary value of 1979 is issued. Next the 11 hit Uinary
value of 1 is issued Q-1 times. Finally we issue the 11 bit
binary value of the remainder, B, plus 2. Note that the
value of 1979 is different from any cther 11 bit long heaa
suffix, which has the maximum value cf 2560 minus 582, or
1978. The decoder may therefore uniquely interpret the
value of 1979 to indicate an excess head length condition.
Upon the first occurrence of this value, the decoder con-
tinues to inspect successive 11 bit segaents, until one oc-
curs that does not have the value 1. The total number of
11 bit seger:ts with the value Cf I is 0-1. The first oc-
curring 11 bit segment with value greater than 1 is the
remainder, R, plus 2. The addition cf 2 prevents the final
11 bits from assuming a value of all zeroes, which is
reserved for the EOL code, or a value of 1, which is
reserved for the quotient count.
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3, CCING EFFICIENCY

In Tables 1 to 6, we show the results of a coacuter
sisulation of the Frank coding scheme for the eight CC112
Study Group XIV test aocumerits of the 1976 Graphics Coai 1ig
Contest. 6e display the number of bits, compression fac-
tors, and transmission times for each individual iuage; we
also shou the average results fcr the ensemble of the eignt
images. These eight images were horizontally scanned at a
resolution of 8x8 pels/rm,. Each image contains 172b pels
per scan line and 2128 scan lines Fer image. All tne
results are based on a transmission rate of 4800 bits per
second. We use the blob parameter ccdebook, based on
H=infinity, shown in Appendix B.

Tables 1 to 3 contain results for the individual
images. The left-most three columns contain the figures for
images coded at the full resolution of 8x8 pels/rm; the
right-most three columns contair tfe figures for images
coded at the resolution of 8xg Fels/na, where every even
numbered scan line has been omitted from the coding
Frocedure. Under each resoluticn we show three columns

labeled 0 irs, 5 ms, and 10 rs, inaicating a minimum trans-
mission time per image line of 0, 5, and 10 milliseconas,
respectively. The numbers in the 0 as columns include only
the code bits and the return to control bits, and reFresent
therefore the raw efficiencies for Group 3 machines. The
figures under the 5 ms and 10 m-s headings contain the code
bits plus the bits for the start of message (one EOL), fill,
EOL, and return to control. For each image we show the
results when the K parameter equals 2, 4, and infinity.

In Table 1 we display the total number of bits to code
each image. Table 2 contains the compression factors, which
are defined as the number o pels per image divided by tne
number of bits to code the image. With a resolution of 8x8
pels/mm, the number of pels equals 1728x2128 - 3,677,184;
with a resolution of 8x4, the nuirker of Fels equals
1728x1064 = 1,838,592. In Table 3 we show the transmission
times, which are calculated by dividing the number of bits
from Table 1 by 4800 bits per second.

Tables 4 to 6 contain the average figures of the in-
dividual image results reported in Tatles 1 to 3. In Table
4 w. show the average number of bits required to code each
of the eight images. Table 5 contairs the average compres-
sion factors, which are calculated by dividing the number
of Fels per image by the average rumber of bits, as shown
in Table 4. In Table 6 we show the average transmission
times.
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AT&7 resented a idper, " lecricr. Criteria for Au-
varnced Facsialle Encoding ocnemes,' at the Decenter 197o
meeting of CC11T Study GrouL (E16). 7here was also a UzicEa:
States contritution, "Critprla for the Evaluation of lo-
Cinensioral coding Techniques fcr Use in nigital Facsinil
lertrindls," (C17). These two dccuments were primary it.tuts
tv tne aacqted stanuard methoJ of evaluating two-diuensional
coding schemes. Th purpose uf this sptron is to auoress
in Fart the issues put forth in the selection criteria ocu-
aents. Answers to rpfraining cints Aill te sumitt~eo curiihg
the testing phase of the evaluation Frocess, in line with
the recenter 1978 agreement. We ncw address the points
srecifically raised in the AT&I electicn criteria air. A

1. A new standard coding scheme shculd be designeo where
possitle tc be an extension of existing standaru cooing
scheres.

The Frank code is a direct upward extension of the stan-
dard one-diensional Modified Huffman Code algorithm.

,+ ~'Ihe Frank algorithm collapses directly to a one-
dimensioral run-length algorithir if no CONNECT cooes are
allowed. The codebook usea for the blob displacements
is exactly the sane as that used ior the white runs in
the Modified Huffman code. Cne advantage we feel this
code has over other current two-dimensional proj osals
before CCITT Study Group XIV is that all additional
codes are incorporated in one uniform codebook, ano that
this codebook has been optimized for the event frequen-
cies of the blob parameters.

2. A new standard coding scheme should be easy and
economical to implement in toth dedicated haraware anz
in sequential machines such as minicomputers.

The Frank code has been widely studied and usea in the
Bell System. It has been inpleiented in a variety of
applications. One of these is the encoding of
trademarks and graphics for phctccomposing advertise-
nents for the Yellow Pages telephone directories, and
another is as a preprocessor fcr encoding engineering

k, documents in vector form L1,2,3,4]. It has been im-
plemented in hardwired logic [6], in microprocessors. i n
minicomputers. and in rain frame computers. Irlementa-
tion is direct and straightfcrwazo. There is a clear,

clean price performance spectrum between the various in,-
plementations. We feel certain that manufacturers with
different system design objectives will have no problem
using this code iii their terminals.

E-1 8
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Use cf the proroseo cooang scheme my reqoirc a
tent license obtainaole from the 6cstern Electric Co;-
pany, Greensboro, North Carolina, USA. Such lcErses
woula Le granted to dl! jarties at a reasonable royalty.

3. a new standard coding scheme shoula be based on thc aiObr
statistically relevant events.

After experimentation with a wioe class of images, we
have found that the Huffman ccdeo Llob parameters are
minimum efficient statistically relevant set. ihis caii
te seen in part from the frequency data presenced wt
the final ensemble codeLook. The limit of skew
displacements to three in determining CONNECTS allows
the algorithm to capture almost all image features which
are of statistical importance. it also leads to a clear
partitionirg or all features intc separate blots. The
resultant Huffman code is Lctb shcrt and nanageatle.
Truncation of the skew displacement at three is more ef-
fective than allowing cther values. Displacements as
large as a full page width are of little statistical in- j
portance in the coding procedure, and displaceit nts as
little as 1 loose important relevant events. Aienaix A
includes further discussion cf the advantages or a
displacement of three.

4. A new standard coding scheme should exploit Hurtman
coding wherever possible, and the scheme should jermit
linguistic extensions of the Huffman code.

The Frank code algorithm fully utilizes Huffiran cooing
for HEALS, CONNECTS, and ENCS. It is strongly recom-
mended that 12 additional unassigred codewords be added
which will permit future extensicns of the coding
scheme. Examples of the utility of this provision are
to be found in the AT&T selection criteria paper.

5. A new standard coding scheme should be suitable for use
in terminals which have positive errcr control, as well
as in those which do not.

Almost all two-dimensional coding algorithms are most
efficient if they are allowed to operate in an error
free environment. However, for G3 class machines this
is not the case ana adjustments must be made to the al-
gorithff to prevent errors frcm tctally corrupting the
encoded nessage. The Frank code accomplishes this by
restarting the two-dimensional part of the algorithm
periodically. This is covered earlier in this paper.
of particular interest, this algcrithm restart can be
made adartive. In fact, the enccder can restart the a!-
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gorithi at uill u.ithout havizio tc r.otify t , oc,_cder or

the F~ factor.

6.A no%% stardardi coding sciseie snculd k2itselr to tne
adoitacri cf cperations tcr ft~turE cxtracticn cc j tiri
the design of future upwara coTiatihlrE coding scheiiEs
based cn ltigner level inage structures, including
character xecogniticn.

The Frank code is basea on im'age features. The rjuL
CCNNECIE and £14C descriptior~ of an image is v.pry sinrilcar
to a chain-vector descrip~tion of an image torder. A
sizarle tody of literature exists %hich shows now sucii
an im~age description can ce used to classify higrer
level imrage features, ranging frczr stroke data, to
silrE;1e ccrstructs, arnd up to full characters. TrieA
specific use of this coue to octairi vector represez~ta-
tions of erguneering docurerts was discussed previously

7. A new stanoard coding scheme should allow overla.
processirg arid multiple pass F-rocessing of the catd to
effect ccoing and decoding.

The translation of a pel-by-pEl description of an .image
into a }iEAr, CCI4NECT, and EsD cescription is totally hri-
dependent cf the process which assigns codewords to
these language primiitives. Siailarly, the separation oi
the coded hit stream into codewords anQ the decooing ot
the codewcrds is independent of the imrage reconstruction
Frocess. This clearly mreets the cverlap processing oc-
jective.

8. A new standard coding schemre should permrit natural
growth fran handling bilevel naterial to future exten-
sionis for handling multilevel gray scale, color, az~a
texture Farameters.

The Frank code algorithmr car easily be extended to coxie
a structure like a contour map, where there is lsteL,)'
infornaticn as well as the inage contour information. A
descripticr of hcw to code inageE consisting of areas or
varying content, such as gray scale, color, or texture,
has been published (5.]. This is a direct upward exteri-
sion frozr coding bilevel imrages %ith Frank coding.

(2595)
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A.PPE1 DI X A

011MAL NE-TO-LINE UN ISFLACEMENT

Frank coding specifies the naxinum of the line-to-line
run displacenent to be three. This condition applies
separately tc both the left ends ana the right ends of two
runs on successive lines of a blot. It is this containment
on both sides which establishes the blob structures and
leads to the advantages afforded by a feature-criented ap-
proach. With a displacement of three, there are seven ways
in which the left ends of two successive runs nay connect,
and similarly there are seven way in %hich the right ends
connect. We have shown that in typical facsimile material,
the displacenents on one side of a blch are correlated with
the displacererts on the other side. To capture this depen-
dency blob coding uses a single CCNNECT code to specify the
connection on both sides. There are 7X7 or 49 possible
values to the CONNECT code.

We may ask whether the choice of a displacement of
three is cptiral for the Frank code. If this is decreased
to two, the number of distinct CCNNEC1 codes drops to 5X5
or 25, giving smaller Huffman ccdewcxas. However, this im-
provement is offset by a larger number of blobs. Similarly,
an increase in the displacement to 4 requires 9X9 or 81
distinct CCNZ(ECT codes, giving larger codewords, but results
in fewer blobs. Other choices are also possible.

we show the displacements in the range 0-5 in the figure
below. Under each construct we list the absolute value of
the maximum displacement, D, and the number of signed
displacements, 2D.1. The resulting contour at the right
side of a blob is represented by a straight line connecting
the midpcints of the end pels. This line forms an angle,
j, with the vertical, indicating the naximum contour slopes
for a given C. With D equal to 1, A is 45 degrees. Con-
tours exceeding this angle result ir multiple blobs, each
containing only one run. This multirlicity can he reduced
by increasing C. Listed in the figure are the values of A
as well as the first differences in A. The rate of increase
in I diminishes as D increases. Progressing from a D of 0
to a D of I improves A by 45 degrees. In going from a D of
i to a D of 2 this improvement drops to 18.4 degrees. We
have noted that contour lines tend tc be more vertical than
horizontal, resulting in heavier weighting of smaller D
values. In cur studies, we determinec a displacement of
three or two gives optimal coding efficiency. On the CCITT
test images the difference in efficiency resulting from
these two choices of the displacement is negligible. Thus,
the ensemble of the eight CCITT test images with full
resolution ard a K factor of infirity requires a total of
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CO. . X!V-?No. %-E

1,976,856 bits using a displacenert cf two, and a total of
1,973,945 bits using a displacewene cf three. Although the
displacement of three resulted in a tctal smaller nuzrber of
bits, the displacement of tuo excelled in half of the
images. Bckever, a displacement of three results in fewer
blobs than a displacement pf twc. with the expectation thatpattern recognition tasks may be facilitated by the smaller

nuater of blcbs we have chosen a displacement of three.

Thus, a displacement of three insures that both coding
efficiency is attained, and that tlchs are defined which are
of treaningful size and coherence for recognition of stroke
or other zicrcpatterns, as nay ke desired; We believe that
the strong advantages afforded by the pattern recognition
capabilities of the Frank code warrant its adoption even if
slight inefficiencies result.

C 0 1 2 3 4 5I,2C.1 1 3 5 7 911'

A 0.0 45.0 63.4 71.6 76.0 78.7

A (n+ 1)-A (n) 45.0 18.4 8.2 4.4 2.7
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A P P E 1 D I X B

Blob parameter codeb)ok

Ccdehcrd

Paraiete[ Freguen *) _cei h_ e
cnnects
-3,-3 220 11 11000001001
-3,-2 248 10 1100010111
3 333 10 1100010110

-3, 0 721 9 110010111
328 10 1100010101

-382 10 1100010100-3,+3 303 10 1100010011
-2-3 285 10 1100010010

821 9 110010110-2-1 1444 8 11010111-2, 0 1767 7 1110111
-2,+l 14618

-2, 1 8 110101101438 
11010101-2,+3 472 9 110010101

-1,-350 9 110010100
-1,-1 1957 7 1110110-1.-1 11884 5 00011-1, 0 16623 4 1011

6186 6 11111-1,+2 1544 8 11010100
-4,+3 416 10 1100010001
0,-3 705 9 110010011
0,-2 1684 8 11010011
0,-I 17351 4 10100, 0 104746 2 010,+1 16066 4 10010,+2 1876 7 11101010,+3 918 8 11010010

372 10 1100010000
1410 8 11010001+1,-I 5351 6 111110+1, 0 15923 4 1000.1,41 8984 6 000001

#1,+3 1916 7 1110100
694 9 110010010

+2,-3 409 10 1100001111*2,-2 1108 8 11010000*2,-1 1222 8 11001111+2, 0 1965 7 1110000
1611 8 11001110+2,+2 717 9 110010001+2,+3 282 10 1100001110

+3,-3 306 10 1100001101
+3-2 306 10 1100001100
*3,-1 366 10 1100001011
+3, 0 904 8 11001101
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(Cont.)

Codeuord
falaetgr Frequency*) _enth BinryCoaeword

+3,+l 559 9 11OZ10000

+3,+2 252 10 1100001010

3,+3 224 11 11000001000

ends 20734 4 0011

head lengths
1 6879 6 111101

2 10896 5 00001

3 15524 0010
4 9706 5 00010
5 4860 6 111100

6 3480 7 1110010
7 2864 7 1110001
8 2687 7 1110011

9 2990 7 1101111
10 2820 7 1101110

11 2390 7 1101101

12 2143 7 1101100
13 1399 8 11001100

14 789 9 110001111

15 669 9 110001110
16 489 9 110001100

17 412 10 1100001001

18 359 10 1100001000

19 283 10 1100000111

20 251 10 1100000110

21 301 10 1100000101

22 208 11 11000000111

23 183 11 11000000110

24 146 11 11000000100

25 91 12 110000000111

26 80 12 110000000110

27 61 13 1100000001001

28 43 13 1100000001000

29 44 13 1100000000111

30 31 14 11000000000110

31 32 13 1100000000100

32 32 14 11000000000111

33 40 13 1100000000110

34 25 15 110000000000111

35 38 13 1100000000101
36 29 14 11000000000101

37 18 15 110000000000110

38 12 15 110000000000100

39 22 14 11000000000100

40 14 15 110000000000101

41-71 207 11(+ 5 suffix) 11000000101

72-582 753 9(+ 9 suffix) 110001101

583-2560 116 12(+11 suffix) 110000000101

*) Note : Total of the eight images at a resolution of 8x8 pels!m and kinfinit
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APP E DIX C

~jCB j&k~ L~j:Q- 0fi "22hf EIiAI OL

Ccde~ord

a z!:aeter Free _ c ) An2sth bin a _2odewo
connects
• J,-3 220 11 11000001001

-3,-2 248 0 11010111-3,-) 333 10 1100010110

-3, 0 721 9 110010111
,-3,+lI 328 I0 110O0010 1 :

-3,+2 382 10 1100010100 .
•-3,+3 303 IG 1 11000100)11 .:
,-2,.3 285 10 11000100 I0

-2,-2 821 9 11Ov101101444-1lq 8 1101i0111 t ;
-2, 0 1767 7 1110111 i,

S61 8 11010110
-2,+2 1443 8 11010101
-2,+3 672 9 110010101

.-I,- 18 8 111010 .A

-3,-3 504 9 110010100

1957 71110110

-,-1 1188 5 0001111
-2, 0 16623 4 101100-I,* I 6186 6 111111 i I1

2-1+2 1611 8 11010100
-28+3 416 10 11)010001
0,-3 705 9 110010011
0,-2 1684 1 1101001100
01-1 17351 4 1010
0, 0 104746 2 0 1
0,+1 16066 4 1001

I"0, 2 1876 7 1110101
0,0+3 918 6 11010010

*31-i 372 10 1100010000
*1,-2 1410 8 11010001

,+1,,-l 5351 6 111110
S+I, 0 15923 4 1000
i+1 ,+1 8984 6 000001

+ 1,+2 1916 7 1110100 i

+1,+3 694 9 110010010 2
+2 ,-3 409 - 0 1100001111

t+2,-2 1108 6 11010000
+" 2 -1 1222 8 11001111

S+2, 0 1965 7 1110000
+ 2,+l 1611 a 11001110

+2, 2 71"7 9 1100i0o01
i+2,+3 282 10 110000111I0
_+3,-3 306 10 1 I00001 I01

+i 3,-2 306 10 1100001100
*. 3,-1 366 10 1100001011
+3 0e0 11001101
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APPENDIX C X
( Cont.)

Ccde%ord

+3,+l 559 9 110010000
+3,+2 252 10 1100001010
+3v+3 224 11 11000001000
ends 20734 4 0011

head lengths
1 6879 6 111101
2 10896 5 00001
3 15524 4 0010
4 9706 5 000105 4860 6 1111006 3480 7 1110010'

7 2864 7 1110001
8 2687 7 1110011
9 ., 2990 7 1101111

10 2820 7 1101110
11 2390 7 1101101
12 2143 7 1101100 :4
13 1399 8 11001100
14 789 9 110001111
15 669 9 110001110
16 489 9 110001100
17 412 10 1100001001
18 359 10 1100001000
19 283 10 1100000111
20 251 10 1100000110
21 301 10 1100000101
22 208 11 ii000000111
23 183 11 11000000110
24 146 11 11000000100
25 91 12 110000000111
26 80 12 110000000110
27 61 13 1100000001001
28 43 13 1100000001000
29 44 13 110000000011130 31 15 110000000001111
31 32 14 11000000001001
32 32 14 11000000001000
33 40 13 1100000000110
34 25 15 110000000001100
35 38 13 1100000000101
36 29 15 110000000001110
37 18 16 1100000000010111
38 12 16 1100000000010101
39 22 15 100OOo00001101
40 14 16 1100000000010110

41-71 207 11(+ 5 suffix) 11000000101
72-582 753 9(+ 9 suffix) 110001101

583-2560 116 12(+11 suffix) 110000000101

-: E -2 7
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APPENDIX C

(Cont.)

Ccde%.ord
a 2uencv) _L2eLth Binary Co2eworj

suple.entary
codes

1 16 1100000000010100
2 16 1100C;00000I0011
3 16 110JO00000010010
4 16 1100000000010001
5 16 !10000000001111
6 16 100000000UI1110
7 16 1100000000301101
8 16 1100000O00O1100
9 16 110000000U10I

10 16 1100000000001010
11 16 1100000000001001
12 16 1100000000001000 A

*) Note Total of the eight images at a resolution of 8x8 pels/mm and k=infinity.

E-28
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CODE PCIN7EBS
black runs §..ED AiYNED

BEAD B

Al-BI 4 > 3

2 A ,42 HEAD B

is,
t-B1: -aI < 3 1 A2-B2 4 > 3

3l q CNNECT A and B JF T 1 I 2

:AI-BI: , 2 < 3 , :12-B2' 1 < 3

4 Ali L ENDA

BI-Ali 4 > 3

[5 42YJ ENDA

:IB1 15< 3 ,B2-2 = "3

S.. . . r- x , . .of the fiv, code rules

-! .E - 2 9
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HEAD Z 3 S 4 7 8 9 0 11fZ 13

- --- ---T

CONNECT

3 5

I iND

s K4- "i'

' 241j 7 N

Runs compared
__jie B I"I_A. Line -B .uIS Coj jssued in Oroarr Shown 1oo

I null, JI I HEAD (L=.,D=O) 3

2 31, J2 3 CONNECT (LHSz2,RHSz0) 3
null, K1 I HEAD (Lz2,D=5) K

3 J2, J3 3 CONNECT (LHS-iHSz-1) J
I, LI I HEAD (La I,Da2) L
X11, K2 3 CONNECT (LHSZ-10IiSst0) K

4 J3, K3 4 ENE J
LI, K3 5 ENE L
X2, K3 3 CONNECT (LHS=-IAHS=I) K

5 1(3, K4 3 CONNECT (LHS=-2,iS=1) K

6 )(4, MI 2 HAL (L=4,D-3) M
K4, K5 3 CONNECT (LHS=3,BHS=-2) K

7 F1, Ni 2 HEAD (L=I,D=2) N

Figure 2 - Example of code
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DELETE ENDS M .EIAIN ENDS

", 2 5 78;9 10 ll IL 13 1# f7 ti. 17 10

1 '' L'J-1 ° 1 IK ! 'L'

Funs Coxpared
11,11-.. Lin_-A 191 9_0d2_j,,sujjjd__n Order Shown ob

G, M 1 HEAD (L 12,D=0) M
G, L2 4 END redundant G
H, L2 4 END redundant H
I , L2 4 END redundant .1
J , L2 5 END j
X, L2 5 END x

LI, L2 3 CONNECI (LkS"-2,HSa0) L

Figure 3 - The HEC end code redundancy

[ s , 7 8 to0 I t 12 13 14 I5A I K?

Burs ccpared
W" "S Q.J Ble 9g-de U_ej~D_2rder Shown 10

I. L 1 HEAD (La6,D=0) L
I, M 4 END redundant I
J, M 5 END redundant 3
(1, V 1 HEAD (Lz3,D=3) M
X1(, 12 3 CCONEC7 (LHS=OBiS=0) K

Figure 1 - The HEH end code redundancy
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TABLE 1

Total bits

Full Resolution of 6X8 Half Resolution of 6x4
0_ws 5 ms 10 s 0 ms 5 ms I0rns

i=2 181530 215092 249513 99526 116349 13306b
K=4 157485 191032 225998 91724 108413 125194
K=infinity 135229 166233 201721 85715 101099 117967

K=2 142434 171219 191544 78776 92949 101936
10=4 111275 140453 163736 67169 81474 9124b
K@infinity 80958 110009 136023 55775 69949 80520

Image s83
K=2 326643 354801 370338 177034 190870 198426
K=4 264849 293123 311310 153906 167719 176480F=infinity 203581 231368 252309 130629 144119 154092

K=2 6u3252 671953 687340 353632 367808 375139
R=4 566162 594515 610054 330009 343976 35123b
K=infinity 489000 516358 532182 306975 320345 327593

F=2 345341 373627 389649 187601 201619 209034
K=4 285892 314287 332893 165407 179393 187821
K=infinity 227191 255328 276414 143652 157437 166843

Image #6
X=2 241392 270143 284122 129166 143430 150112
K=4 181594 210473 225061 103455 117679 124447
K=infinity 122617 150766 165889 78014 91837 98690

Image #7
K=2 712171 739961 748153 386206 399843 403943
K=4 626546 654635 662932 358465 372104 376268
K=infinity 541518 569250 577693 330806 344090 348314

Image #8
K=2 325243 354418 359130 175415 189946 191999
J=4 249604 280180 285640 144560 159702 161967
K=infinity 173851 205589 211717 113450 129143 131720

E- 32
(2595)

,".----..---I--,



fR

COm xiV-no. 81-E

TABLE 2

ComDression factors
(pels/bits)

fullReso u__on of x8 Half ResoL.ujtjn ±__Sx.
0 *s 5 ms _5Iws 0 ms Lis _ ms

K=2 20.257 17.096 14.737 18.473 15.802 13.815
Fj=4 23.349 19.249 16.271 20.045 16.959 14.bd6
N=infinity 27.192 22.121 18.229 21.450 1d. 186 15.58%;

X.T2 25.817 21.477 19.198 23.339 19.781 ,8.037
X=4 33.046 26.181 22.458 27.373 24.567 20.150
Kxinfinity 45.421 33.426 27.034 32.964 26.285 22.b34

K=2 11.258 10.364 9.929 10.386 9.633 9.266
K=4 13.884 12.545 11.812 11.946 10.962 10.418
1=infinity 18.063 15.893 14.574 14.075 12.757 11.932

Imaqe._#
K=2 5.717 5.472 5.350 5.199 4.999 4.901
K=4 6.495 6.185 6.028 5.571 5.345 5.235
K-infinity 7.520 7.121 6.910 5.989 5.739 5.612

K=2 10.648 9.842 9.437 9.801 9.119 8.796
X=4 12.862 11.700 11.046 11.116 10.249 9.789
Kninfinity 16.185 14.402 13.303 12.799 11.676 11.020

Inace #6
X=2 15.233 13.612 12.942 14.234 12.819 12.248
X=4 20.249 17.471 16.339 17.772 15.624 14.774
X=infinity 29.989 24.390 22.167 23.567 20.020 18.630

Irage#7
K=2 5.163 4.969 4.915 4.761 4.598 4.552
X=4 5.869 5.617 5.547 5.129 4.941 4.886
K=infinity 6.791 6.460 6.365 5.558 5.343 5.279

K=2 11.306 10.375 10.239 10.481 9.680 9.576
1(=4 14.732 13.124 12.873 12.719 11.513 11.352
Xminfinity 21.151 17.886 17.368 16.206 14.237 13.958

(2595)
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TA3LU 3

Transmission times
(seconds /Dace ) w)

~ll esoluion8of X8  Half Resoluto o x40 is 5ms 0s -ME- 5 . .. s

a=2 37.82 44.81 51.98 20.73 2..2'. z7.73X= 4 32.81 39.80 17. 19.11 22.59 6.Jo1<=infinity 28.17 34.63 42.03 17.86 21.06 2. 5b

K=2 29.67 35.67 39.91 16.41 19.3b 21.24(=4 23. 18 29.26 34. 11 13.99 it.97 19.01K=infinity 16.87 22.92 28.34 11.62 14.57 16.78

X=2 68.C5 73.92 77.15 36.88 3y.76 41.3455.18 61.07 64.86 32.06 34.94 36.77Kfinfinity 42.41 48.20 52.56 27.21 30.02 32.10

_q ge 44X=2 134.01 139.99 143.20 73.67 7b.63 78.15F=4 117.95 123.86 127.09 68.75 71.66 73.17K=infinity 101.88 107.57 110.87 63.95 66.74 68.25

Ijflge !5
X=2 71.95 77.84 81.18 39.08 42.00 43.5559.56 65.48 69.35 34.46 37.37 39.13infinity 47.33 53.19 57.59 29.93 J2.80 34.76lzlage .16
X=2 5C.29 56.28 59.19 26.91 29.88 31.27]( 37.83 43.85 46.89 21.55 24.52 25.93](=infinity 25.55 31.41 34.56 16.25 19.13 20-56

K(=2 14e.37 154. 16 155.87 80.46 8J.30 84.15X(=4 130.53 136.38 138. 11 74.68 77.52 78.39K=infinity 112.82 118.59 120.35 68.92 71.69 72.57
I i_ aSe_ v8

(=2 67.76 73.84 74.82 36.54 39.57 40.00Y= 4 52.00 58.37 59.51 30.12 33.27 33.74__infinity 36.22 42.83 44.11 23.64 26.90 27.44

*) Note Based on a transmission rate of 4800 bps.

(2595) 
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TABLE 4

Average number of bits per image

Full Resolution of 6x8 Half Resoiution of 8x4
0s 5 MS l0_s 0 Ms 5 ms 10 Ms

All imrages 
-EE- 

-

K=2 364751 393902 409974 198420 212852 220459
K=4 305426 334837 352203 176837 191308 199333
T=infinity 246743 275613 294244 155627 169752 176217

TABLE 5

Average compression factors

Jul ]LggjLutonof 88 fL.§lf estiofl at_,_
.ijLL. 5 inS 00 !nS jjvri .J-0j1jj_ pa.es

K=2 10.081 9.335 8.969 9.266 8.638 8.340
K=4 12.040 10.982 10.441 10.397 9.611 9.224
K=inf inity 14.903 13.342 12.497 11.814 10.831 10.317

TABLE 6

Average transmission times

(seconds/page)*)

?, Re.olution of 8x8 Half Resolution. = _f_81_ 1
ios 10s2-.a s o _ S _lo Ms

K=2 75.99 82.06 85.41 41.34 44.34 45.93

X=4 63.63 69.76 73.38 36.84 39.86 41.53
X=infinity 51.40 57.42 61.30 32.42 35.37 37.13

) Note Based on a transmission rate of 4800 bps. C

Note : The figures in the 0 ms columns include only code bits and return to control bi
These results represent the raw efficiencies for Group 3 machines. The figures in theL 5 ms and 10 ms columns contain code bits plus bits for start of message, fill, EOL,

and return to control.

(2595)
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TITLE: Correction and Addition to the AT&T Proposal for
Two-Dimensional Facsimile Coding Scheme, submitted
March 28, 1979.

1. Change the binary codeword for the head length of 39

in Appendix C as follows:

Was: 110100000001101

1i Should be: 110000000001101

2. Add the following to section 2.2.6, Resynchronization.

In Group 3 machines, resynchronization is required
upon detection of any of a number of error conditions.
Among these are the following.

(a) A HEAD code occurs and the corresponding
run extends to the right of the image line
of for example 1728 pels.

(b) A CONNECT code occurs, and the corresponding
run extends to the left of and/or to the
right of the image line.

(c) A HEAD oz CONNECT code occurs, and the
corresponding run overlaps, or, is not
offset by at least one pel from the adjacent
run, if any, on the left in the same image
line.

(d) A CONNECT code occurs and there is no
candidate run in the previous line to which
a connection can be made.

(e) A CONNECT code occurs and the computed right
end of the corresponding run precedes the
computed left end of the run. This occurs,
for example, if a run of three pels in one
image line is to connect to a run of one pel
in the next line with a CONNECT (LHS = 1,
RHS = -1), but the connection is erroneously
made to a run of one pel in the first image
line.

(f) An END code occurs, and there is no candidate
run in the previous line to which the END code
may apply.

E- 36
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(g) An unassigned supplementary code is detected.

Upon detection of an error condition, the decoder searches
for the next EOL code of eleven zeroes and a 1. The code
between the detected error and the EOL code is bypassed, and
any remaining portion of the image line under construction is
filled with the corresponding portion of the previous scan
line. This permits the possibility that the initial portions
of the subsequent lines up to the next restart point are
faithfully captured.

E-3
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KAPPENDIX F

SUBROUTINES HICH ARE COMMON TO ALL ALGORITHMS

SPROGRAM NAME FUNCTION PAGE

RTAP 32 . . . .Read input image tape ............. F-i

CODELN . . . . . Line Code Subroutine of "Encode" Subroutine . . F-2

- STATS . . . . . .Corniutes Statistics of Coded Lines . . . . . . .F-3

ELOCK DATA .. . Initializes Packing/Unpacking Masks ...... F-4.

Ii ~ MI2B ...... Packing Subroutine ............... F-5"

14B ....... Unpacking Subroutine .............. F-6

ERRMES .. . Error Measurement Subroutine . . . . . .F-,

WRITAP 32 .... Converts binary data to Input Format ..... F-9

CONVERT . .. Converts binary data to IBM Printer Format. . .F-10
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STAflT ZF OC.*C JP'.RNT 3FG.A1 i SN %MO=0C~1.REDTAP.*FQKT

C-
IMPLICIT 1 4T=J.!:( %-Z)

,z 1'~I4TjEk 37 .3F(50).Tt3UF(6O)

DA~~jwti ?aIN X*P'%i *4****IL*T*************s**r**S[C
101 OTLIJF( '1)=)

1' IF=250

30.) FOR4AT(2i5JI*)

16 IF(J.,;T.2'3u) GU TO 315
j l~J +1 )-l

GO TO 400
315 CONTI'..k

R--- .) (P :LF IL 9300) (PFL3UF( K) v K=I D I F

IF=1F+2S0

IFC(J*,-Zo;3) GO TO 400
GG TJ 31o

F40 C0 463 1=i.

IF(.-NJNE.G.20 G U T O 70 0
c ' 470 T(Tk1.R10UN C
41 CjAL F4(,4*SXP 1LP,1

470 F TSRM T.P x (2X 20( 14,20

450 CONTINUE
OTNLC=I N C*

00 C0NTI.=JtJE

IFSTOP EQ* )G T 0

470 COZNT INUE

IN:N CF ='C00 (IR~I CRGA +1E PRN = 5

46 0N Nc

F-i CNCLASIFIE



UNCLASS IFIED

START OF OCEC JP'RINT PROGRA.I DSNAME=00031*CCOELK&FORT
SUBROOTINE COD5LN(LENGTHPOLAkCCELCTCDOATA)

IMPLICIT IN4TEGER(A-Z)
STFBUF(24O)9 STAT(2000)

C0M4GN/HUFF/CO-ZE(3,92,2) ,COUERO( 3.9)

C***************~********BEGIN PROGRAM************

C I'ITIl-I-z AKS UP COVE. MAKE UP CODE LENGTH

C CH=CK INPUTS

1F(POLARLT.1.OR.*P0LAR*GToZ) CALL ZX17
IFCLENGiTH.LT.O.OR.LENGT~i.GT.17Z83 CALL EXITI IF(LENGTH.LS*63) GO TO 10

C
C CALCULATE '4AJ(E UP CODE INDEX, COD'St LENGTH
C AND WRITE TO CODE LINEIC

INDEX-LEGTHi/64+64

CDELCT=CDELCT+MLENG
COD ATA=CD DA TA+M1LEN G

C

C AND ADD TO CODE LINE ..

10 CONTINUE
I NDE XxMOD (L ENGTHc)4 b.-* 4---~ ) +1*
TCODE=CODDEC 3. INDEX 9POLAR)
TLENG=CODEC 1.INOEX*P0LAR)
CALL A4I2B(TC0DE.CDBUFCDELCT+1,TLENG)

*COE-LCT=CDSLM.CT+T LEN G
C0OATAxC0DATA4TLENG

C
R=.TJR-4

CEA 

C 
L 

T 
T 

R 
IANG 

CO 
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ID~ 

C 
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su9RjTJIN.z -1 4gLENGTH9 INLNCT.DIAG)
I'ARLICIT 14Tt~jti A-Z)

C
INT GER ?TTt5 )9IT7(2v5)#LtNGTH(INLNCT)
R_- STT(2s5)9SUMtSUMSO
LOGICAL aIA-;
C***********#******FILE DZF1NITICNS ***c******

C
CCtd4dN/CIL--S/T#ERP4.LPFIL .PtLFIL.OTFIL. 5-FIL

C

C

ITT(l1)*lOOOO
ITiC Z9I)=O

DO 100 JsleINLNCT
C 9

C FIND FILLED LINE LENGTH
C.

LENaP4AX0(LSIGTH(J)sMTT(I))
IF01fAG) WRITE(TERM950) LEN j

50 F0R4AT(I8)

C FIND A1INI4UM LINE LENGTH
C 4

UNCLASSIFIED

UkC LA SSI F IED

ITT(I1)=.41 N0(L:_Nv ITT(1I91
C
C FIND lAAXIMJ#4 LINE LENGTH
C

C
C FIND SJM OF LENGTHS
C

SU4*UM*4FLOAT(LEN)

SUW4SJ= SU'SQ+ (FLOAT (LEN) )**2

C FIND SA4PLE MEAN AND STANDARD DEVIATION

C

WRITE(LPFIL.400)(ITT(1,I),1=l.5J
00 FR4T MINIMIUM TRANSMISSION TIME (4800 BPS)@/.,
*9 CODED LINE*/
*1 LENGTH 0 MS 5 MS to MS 20 MS 40 MSI/
*0 STATISTICS:&//
*8 AIN1l4U?4'.1OX#SC18)//)
WRIT:( LPFIL,410) (ITT(2 .1) .=1.5)

410 FORMAT(
*04AXIA44 9*1OX95( 18)//)

WRIT-(L,3FIL.420) (STT(l1.1) .1=1,5)
420 FORMAT(.

*0 SAAPLE 4EAN'99X95(F8eZ)//)
WR ITE(LPF IL.4Z30 )(STT( 2. I). =1.3

430 FORMAT(
*4 STA'40ARD DEVIATI0CV.2X95(F8s2))

RETURN

-0 -"- END OF-OCEC UPRINT PROGRAK"- L1EPRIZNTED= 200
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BL's)ATA

c CJ4r4lJ. /G32eIT/KIdT(32),KZ81T(3?),LI3IT(:!2),LZE!IT(32)

..n.TA K 151T/
Zd0')000')3,Z400000O)iz20~000C0,z10ooc0C0C

ZO8OO3)00,Z:40Q0030 ,Z00000' .,Z)I 0000
£ ~ZO0~33C0, OZ 0400000 Z002.,CCCOZ CO1 000CC,

ZOIO?3000,Z0004000,Z0000.20000,ZOOOIO00

& Z3D3)OBOO, 1)000040$ * Z)00'200,Z000001CC,
* ~Z0'3000C,80ZO0000040 ,Z03000020,ZOOOOOOIO,

130000 00 O, ZOOuOO004, 7300000? ,Z 00000 00/

DATA KZdIT/
& Z7FFFFF-FFZaFFFFFFFZDFFFFFFFZEFPFFFFFe
* ZF7iFFFFFF,ZF3FFFFFF,ZFDFFFFFF ZFEFFFFFFs
S ZFF7FFFFFZFFBFFFFFZFFD3FFFFF.ZFFEFFFFF#
& ZFFF7F=F.oLFFFBFFFFZPFFFDFFFF,ZFFFEFFFF,
& ZFFFF7FFF,ZFIFFFBFFF#ZFFFFDFFEZFFFFEFFF,

ZFFFFF7FI~,ZFFFFFBFFZ FFF.FFZFFFFF Ff,
& ZFFFFFF7FZFFFFFFBF, ZFFFFFFCFZFFFFFFEF,
& .ZFFFFFrP7,ZFFFFFFFDZFFFFFFFDZFFFFFFFE/

OA TA L IS IT/i
& Z30J000)3,ZC0OOO00,Z00030,z-O000000,9

ZFdOO0C00LFC0Q00~,ZFE~00Q00,000nOC0,
ZFF300000,ZFFC00000,ZF'0000,ZFFF0300C,

& LFFF6O0uvZFFFC00O.ZFFF000,#ZFFFFC000,
* ZFFFF8000.ZFFFFC00CZFFF 500OZFFFFF0OO,
& ZFFFFF30&,9ZFFFFI-C00,ZFFFFF500,ZFFFFFF0C,

ZFFFF80,ZFFFFFC0ZFFFFFF0ZFFFFFF0.Y
ZFFFFFFF5,ZFFFFFIFFCZFFFFFFFEZFFFFFFFF/

& DAALaTZ7FFFFFFiZ3FFFFFFFZlFFFFFFFZOFFF&FFFF,
& Z07FFFFFFZO3FFFFFFZOlFFFFFFZC.'OFFFFFF,
& Z007FFFFFZOC3FFFFF, ZOCI FFFFFZOOOFFFFF,
& Z0OO7F FFZO003FFFFZOOO1IFFFFZOOOOFFFF,
& Z0~u7FFZ0003FFFZ0C'001FFFZ00OFFF,

& Z000OO7FP. ZCOOOO3FFZOOOOO1FFZOOOOOOFF,
5 Z303000 7FZOOOO003FZOOOGOClFsZOOOOCCF,

& Z00000007,Z0-(0000003,ZOOOOOOOIZGOOOOOOO/

K c

UNCLA SSI FI ED
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STAT OF )CZ-C UPRI14T #.3R3G(RA#4 :3SNAIE=0003I.4I2eFCRT

SJt~rUJTL,14E Al"HIVAL, 1i3A,Ji3,Ni3)
IMPLICIT I ,r"7!T, f( ,_Z)

C*****k* 412_' 4%V!S TfIE 031T STRING RIGHT-JUSTIFIED IN IVALCTU THZ Jd TH1 THIJ THE IJ6.Na-3)-H .31T OF 1t3A*

COMW4JN4 /, J2 JlT/'4A(3),CU,%iASK32)LBIT(32)LL7BIT(32)
c 114.;.t.R %1%3KqC3.4ASKsLIOIT#LZi3IT

C**P*** 123 :Xz-CUrT **.*

Nt3 T= N4J
JR =JRH3/.3 +1
A 53=.Aa.) ( J.b1ri3. 3 2)+1
LVAt.-I VAL
J I A= 3 2-;43 R

K=3~2-JR3

K= '12- J INI
LV iL=SHFTR (LVALK)
N T=N3T-JRf3

c199 IF(AJdTl 3013*390).23O

233 1BAWJRE)ULRZ

LRE=LV AL
LVAL=0
N8 T:-N6 T-3 2
GO TO. 199

300 J1'4a-N.BT
LR:7aL0R(LfI~.LANI(!A(JR.-T).LIOIT(JI

4 ))
3-)0 163A(JRE)=LiRE

RE=TJR.N

EC.

I-



UNCLASSIFIEDI'START OF JCEC UPRINT PROAAM DSNAM E- DO 03 114 8 FlRT
INT 'R FUJNCTION 1IB(18AJBNB)

IMPLICIT INTEGER (A-Z)
01.AENSION IBA(2)

C
C******* 14ts R--TURNS AN INTEGER VALUE FOR THE BIT STRING

C3fARTING AT THE JO3-1HBTO ~
C AND CONSISTIN4G OF NB BITS*

C******LABELE3 COMMON /G32BIT/ ***
I; C

Ca)'44ON G'-32IT/4ASK(32)COMASK(32)LI3IT(32)LZ3I1C32)
INTEGER AASKsCOMASK9LI8IToLZBIT

r c

IF(Nt3-1) 10930920
10 STOP 10
20 CONTINUE

SRH8zJI3*N8-2
Nr3T=MIN0(Nt393Z)
JRFE3JRH3/ 32+1
JR3=MOD(JR~tl3,32)+l
N3R=M4INOCNI3T9JRB)
JI.4=32-NB3R

C sid:FT RIGH1T 32-JRB BITS AND PUT IN ZEF0OS ON LEFT

Jz2g3A(RE)
K- 32-J R1
14 3= LAND (LZB IT J IM) 9S FTA(is K)')-

C CLCUJLATE t4UMUER OF BITS REMAINING 1A~ LEFT PORTION IF ANY

IF(NBR*LE*O) RTR

C IF LEFT PORTION EXISTS. SHIFT LEFT TO LINE UP WITH RIGHT
C OORTION NO $OR* WITH RIqt4T PCRTION

J-LAND(KIBA(JRE-1),LZ8IT(32-NBR))

RETURN
C dIT STRING HAS ONLY ONE BIT-

30 CONTINUE

JINO= (Jd- 1)/14;1..
MSKI ND=JB-( .JBIND-1 ) *32I IF(LA14O(ASK(MSKIN)i,1BACJBINO))oEQ.MASK(MSKINO)) 14B=1
RETU RN
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C -14PL1CZT INmGER(A-Z)

AZAL =5F
C.******* LABES CO.4L4ON /G3281T/****...
C

COKAON' /632L31T/MASK( 32 ),COHASK(32).LJBX'r(32) ,LZSVT(32)
INTEGER tASK*CU*MA$KtLI8IT*LZpIT--

c
*FI1.E DEFINITIONS **********

C
CCM40N/FIl.ES/TRNLPFILPELFIL.0OTFIL9PERFIL

DIMENS ION P~tLSUF(60)9 OTBUF(60)
Co MAGN/LOGX C/SEARCH, 01AG
LOGICAL St!ARC~oDIAG -

C
RCWINO PELFIL

ZRAOR=0
OTELW-PELMAX432. 1 )/32

C
C 200 CONTINUe

REA)(OT.FILENPD=600,PERR=800) ITLNNQOtELCT9POTBUFIF*1IL4O1VESoE0 OT 0
CNLSIIiI fA NERRCRUTDLN

C4
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UNfL.LAZ))L r irmu

300 CJNT I IU--

c JUNT )IF-C -BTW!!-N fRAN'S4TTD AND FiECEIVE=: LINES

DC 450) I1,1JTtLol
rF(jT.JUF(I).=.JPL5UF(Il) GO TC 45('
IF(s'4-mToIkG- GO TC 420
WRITEC(T-::Zk41)) INLN4NOGTLN4NCIPE:LB3Uc(U)*TBUF(l)

4.2 CONTINU=
!)C 44 5=i,32
iF(I-J(DTE3JF(I),J,l ).NEoI48CPELBUF(I ),J,1)) EFRCr=EFRF.C,+1

44) COA~T IjU:
450 CONTINuE

IPCOTL.NNU-INLN-JO) 2009100s580
C ioRORLNZ :UOMBEF GrEAT=R 7HAN '30LINE NUMC2.;

C CDJNT DIFFERENCES 3-:TWEZN GOLD~ AND ALL iwHITE.' LINZ

IF(. 3 E.JF(I).EQ.0) GU, TO 550rIF(.40T*.)IAG) GU TD 520
W~rIT-:(T':' 4,410) INLNNJ,0TLNNOIPELf3uF(I),CTSuF( )

00 540 J~i,32r l~F (I4!3(:)Lf3JFC I), J .)e*NE. 0) ER F C F= c;ZF+ 1
:540 Z:OLSNT IN U

553 CONTINUZ

C

GiO TJ 300

C CALCJLATE ERROR S-ENSITIVITY FACTOR'

600 CCNTINU=

IF(ERRCNT#LE.#0) GO TO 650
..SFFLOAr (E.RRORF)/FLCAT (ER; CNT)

650 CON TIN UE

WRIT CLPFlL9700I =RRC.R*.F.FCNT#ESF*OTLNCT
700 FCOR.M1T(oNU'4iE3ER CF INCCRRECT PELS =09.110/

l3WLJ4BHF O;F SITS IN FROR T04NSMITTED =1,110/
* 40ERRUP SE14S1TIVITY FACTOJR =0.F12.4/
* 3~*TCTAL NJU'.iER OF OUTPUT LINES PROCESSED *IS,1)

PET-J.RN
800 CONTINUE

9 STOP aJO
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I -4 AN I V L __V-L 71 T 7 71 7 6 1 4/0%

14

Ci ~ C:\'j 1NUE

* ~~~ I zL 6,~I'NC+

-- -- IC=I ( PL3UR,-.44i-
P :L 04F= I

V14 2~ -- 1= E-A*

L. -~ A LiA P F: 3J.j -1. 1 I--
19C5.* ;*PO A-? 3C. T'. 13,

)Li1 OT 'UF( J) =R, *
; -I '3- - . J=J+i I - - - - - -

1 '9 quN= 1

2d A~ PL CL L --- PC L- \ ..l..2

I J' CLNT IN J
OTDUF~(J)=RUNe

'.: ?JI3l=J+ IC-I

WPIZ( -- IL3 )) CTbUF (K) K=IDq It-)

Z_ - lC Tlt4+ J- -'- --- _ - -

0~ 17(= 2, 1 F=IFU

142CI' C , FrRi!2 ,N 4C)

+2 45 Ci-4TINUC
- . ~~W~lTE(T=SM.4l1 '3XCT,NNd

V 454I~U ______La

WRI9 TE T F115 1) 1-_______t%,j
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UNCLASSIFIED

STkP.T OF JCEC UPhRINT ?r-tGSA4 DSNA.ME=O0031*CONVEJFT*FCRT
C PIOG R A 4 CiFT
C
C THIIS PROGRAM CONVERTS EjIIArY FOkMAT 'JSED BY COMPRESSION

ALGORITHA4S TO) TH-E FOLLOwING E3INAF-.Y FORMAT:

C
C =E'CH LINE OF 1725 PE-.S 8%-CCMdS ON= RHCOR)

IMPLICIT INTEGLR(A-Z)
INTE.ER PELBUF(60) 9OTBUF(54)
E(2tIVALENCE (PEL3UF(1),CTBUF(1l

100 READ(I9E-4)=5OOERR=6Oo) INLNNOINELCT9PELOUF

INLNCT=INLNCT+1
WRITcd(2#EFR=700) OTBUF
GO TO 10

C 50095) NLNCTINLNNCLATLENMBR %).....

STOP
60CONTINUE

STOP 600
703 STOP 700

E N U
0 END OF OCZEC UPRINT PROGRAM LINES PAZINTFD= 26

UCASFIE
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UNCLASSIFIED

START OF DCEC JPRINT PROGRA4 DSNAME=DO031.JPREACFaRT

IM~'1C' INTEGER(A-Z)
REAL CF3oCF4oERRATE

C******* LABELED COMMON /G32B1T/ ***
C

COMMON .G323I T/MASK (32),COMASK (32)t I SIT (32) LZBI'T( 32)

C INTEGER A'ASKCOASKpLIBZTvLZBIT
COM.4N/BUFF/PELBUF(60,2),CDBUF(240).OTe!UF(60,2).

* STFBUF(240o, STAT(3000)
COMMON/HUFF/CQOE(3992.2).CODERD(3,99
CO44N..'=RAY/ERRQRS( 2SOO)
C******************FILE DEFINITIONS **********

C 1 , _.. -..--

COM40CN/FILES/TERMLPFIL.PELFILO1FILERFIL
C

C****************LABELLED COMMON VARIABLES ***********
C

COMMON/I VAR/PELMAX.VRES.EPHASS.CMPMAX.ERRMCDLINMAX,K
CO-4M N/ VAR/IN6.NNjOTLNN&tOTL.ilNELPCDELP.OTELP,CDELW,

* CDELCr. INS-LCTTCDATATCOEL.ERRPNTERROFFERRLIM9
* ERRCNTINLN CTCONbECONECNTLNNOBFWRCBiUFLPACKv

I IN CJO. INR E FOTCO D o TREF #T S1F8T
CO'4MON/ICHAR/OD*I I MMoTT*NNYY
CO 4NON/.OGI C/SEAR CH DIAG SYNC LSSWRI TE ZERO #LEFT oCHCOL #ONE
LOGICAL SEARCH.DIAG.SYNCLSS.WRITE.PZEROLEFT.CHCOLONE

C
C READ INPUT PARAMETERS

90 WRITE( TERM* 100)
100 FORMAT(OSPARAMETERS: INPUTf=!)o OR OEFAULT(=D)?8k

READCTERM.110oERR=9O) INSW
110 FORMAT(A1)

IF (INSW*EO.DO) GO TO 315-
IF (INSWeNE911) GO TO 90

C
C READ DIAG40STIC SWITCH
C
- 114 WR ITEf TERM I15)- --------------

115 FOR.4AT(OSDIAGN~OSTIC PRINTOUT? (Y OR N): 10)
READ(TER,110) INSW
tF(INSW.EQ*YY) GO TO 116
IF(INSW.EQ*NN) GO TO 120
GO TO114 - - - - - ----- -

116 CONTINUE
DI AG=.TRUE.

C READ MAXIMUM NUMBER OF PELS PER LINE

120 CONTINUE ----.--

WRITE( TER M130)2
130 FOR14AT (0 $ENTER .14AXIMUM.t NUMBER OF._PELS PER.LINE 1. J-

REAO(TERM9140,ERR=120) PELMAX
140 FORMAT(14)

-- IF (PELMAX eGEul vANO.PELMAXLE.1728) GO--TG-.16O---
WRITE(TERM9150) PELMAX

150 FORAAT(IONUABER OUT OF RANGE (=091690)0)_
GO TO 120

C
C - READ VERTICAL SAMPLING .- - .

160 CO NTI1N4UE
-- WRITE(TERM9170)-

170 FOR4AT(ISE4TER VERTICAL SAMPLING: ')
REAO(TER4180ERR160) VRE5 _

180 FORMATCIZ)
IF(VRES*GEo1.AND9VRESoLEo10) GO TO 190
WRITECTERM.150J VRES ----. .

GO TO 160
C
-----READ PARAMETER K.------ ---..--.--- -

190 CONTINUE
WRITE( TERM, 192)-------------------

192 FORMATC'SENTSR PARAMETER K: *)
READ(TER4140ERRI90) K. -.

IF(K oGEo.1.AND*KoLE.' 3000) GO TO 200
WRITV(TERM,150) K

-GO TO 190
C
C RSAD ERROR PA.TTERN PHASE
C

H-1 UNCLASSIFIED



UNCLASSIFIED)
200 C0NTINU=E

WR I T' ( TER M 210)
210 FORAT(SENTER ERROR PATTERN PHASE: *

READ (TEP%i 9220 .ERR=200 ) EPHASE
220 FU k,4AT (I I)

IF(E:PHASE.GE.0.AN3.*EPHASE.LE.3) GO TO 240
WRiTz( TE~R4.150) EPHASE
GO TO 200

C
C READ fhINI~lU!4 C3'IPtESSED LINE LENGTH

240 CONTINUEIi WR ITEC TER.4, 253)
250 FORMAT(ISENTER 4INIMUM COMPRESSED LINE LENGTH: )

- READ(TERN,4140,ERR=240) CMPMAX
XF(CCMPMAXE.;E.3.AND.CMPMAXoLE.1728) GO TO 320
WRITE-(TEqM*150) C4IPMAX
GO T6 240

C
C. READ NUMBER OF SCAN LINES TO BE PRCCESSEO,

320 CONTINUE
* WRITE(TERM*330)

330 FOf*MAT(fSNUMBER OF SCAN LINES TO BE PRCCESSED=? 4)
READ (TERM #140 *ERR=320) LINMAX
IF(LINMAX.GE.1.AND.LINMAX.LE.3000) GC TO 280
WRITS(TER14i150) LINMAX
GO TO 320

C READ ERROR MODE

20WRITE(TERM#290)
20FOIW4ATC'SERROR 140DE=? (M=MANUAL*T=TAPEN=NO ERRCR;S)I)

READ (TERM iol10 *ERR=280) ERRMOD
IF(ERRMO:)*E0*MM) GO TO 300
IFCERR.4O~oEQ*TTJ GO TO 315
IF(ERRMQODNE9,NN) GO TO 280
GO TO 350

C-.
C READ ERROR LOCATIONS

300 CONTINUE
ERAL IM=1

305 READCTERM,140) ERRORS(ERRLIM)
IF(ERRORS(ERRLINI)*EQ.9999) Go TO 310
ERRLX.M=ERRLIM+l
GO TO 305- - -- -

310 CONT IN UE
ERRLIM=ERRLIM-1
GO TO 350

C
C READ ERROR TAPE FILE AND OPEN:C~ERLM~~

315 CONTINUEFC
READ(E-RFIL#318,END=317) ERRORS(ERRLIM)

36READCERFIL*3189END=317) EARORS(ERFZLIM)

317 ERRLI.,=ERRL IM-1I C
350 CONTINUE .

C
360 CONTINUE

C WRITE INPUT PARAMETERS

C
--WR ITE(LPFIL9400) PELP4AXVRESv( ,EPHASECMPMAXLI NAAX

400 FOR14ATC*IINPUT PARAMETERS:t/
40OvAX14U4 14UMBER OF PELS PER LIKE=.916/

- * 'OVERTICA.. SAMPLING: N=0#14/
* 'O0PARA.'4ETER K =9o14/

- * OERROR PATTERN PHASE =IPI4/
*A)3MXNIMUM COMPRESSED LINE LENGTH =1191490 BITS'/

* ONU14BER OF SCAN LINES TO BE PRCCESSED =1916)
IF(E-RRMOD*'--:QNN) WRIT=-(LPF.IL9410)

410 FOR4A-T (90NJ ERRORS INSERTED')
IF(EqRMOD*EQ*MM) WRITE:(TERM, 140) (ERRORS(I).1=1,ERRLIM)
IF(ERRMO:)eEQ*TT) WRITE(TERM.420) ERRLIM

H- 2 UNCLASSI FIED
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420 FOR'4AT(I12,' ERRORS OBTAINED FRCOM ERROR TAPE')
C******** *******BEGIN PROGRAM ****************

C
C IA ITIALI ZE
C

TCOEL= 0ITC DATA=0
ER RPNT=1VERRCNT=0
INLNCT=0
ERROFF =EPHASE*w1 024
CO.D.CT=32
0TELP=1l
CDELP=32+ I

INREF1l
IN CO D=2
OTREF=l

WR05UF=0
LPACK=O

800 800 I-. 7
OTBUF( I,)TO)=

800 ARONTINUERU

PELt3UF(1,INCOD)=0

WR ITE= *FALSE.
C
C SEARCH MODE: LOOK FOR LSS1 BIT-BY-BIT-
C
900 CONTINUE...................-

L=O
ZErO=*FALSE*
LSS=*FALSE*
ON ECNT=O
WRCSUF=O
LPACK=O

CALL GETL(8,NOD!EtL8ITS#L)

C IF(DIAG) WRITE(TERM,140) MODE

C IF(MODE.NE.Z) STOP 900

91 CONTI1.NUE
C

CDELP-COELPt1
GO TO900

920 CONTINUE
C
C SIX ONES DETECTED WITHOUT AN INITIAL ZERO
C

..............IF(DIAG) WRITE (TERM9925) CDELP
925 FORMAT(ODSOMETHING~ ROTTEN A7 CDELP=,918)

GO TO 910
930 CONTINUE -

C
C tLSS FOUND . ..

C
SEAR CH =. PAL SE
CDELP=CDELP+L .. . . .

-' IF(WRITE) GO TO 935
WR ITE- oT-1UE 9
GO TO 960

905 CO NTIN UE

C SET OUTPL!T DECODE LINE Tb O'AN6 WRITE OUT
00 950 l=lo60

*-- OT3F?(I9OTC3D)=0 . ...
950 CONTINlUE

WRITE(L)FIL) OTLN'4.PE-LMAX.(OTE2UF(IO7COD),I1l,60)
OT LN NC =L.4NoBF

UNCLASSIFIED
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960 CONTINUE, IF (,AO04-2 )9 655 10001 900
965 STOP 965

' 1000 CONTI % U--

CAC PERFORM ONE-DIMENSIONAL DECODE OF A COMPLETE LINE
C FIRST, SET OUTPUT lUFFER TO WHITE

VC ('ONLY tLACK RUNS WILL BE INSERTED)

,- DO 1010 I=1.60

OTUF (IvOTCOD)=0"1010 CONTI]NUE

C IN DEX= 3
COLOR-I
OTELP= l

C
ZERO=*FAL SE.
LSS= FALSE.
ONECNT=O

1020 CONTINUE
' . CALL ONED IM (INDEX* COLOR. STATUSL)

GO TO (1030,107O,1070,1035.1040),STATUS
C 1 2 3 4 5

STOP 1000

C RUN ADDEO; CHECK .ENGTH OF OUTPUT LINE
c
1030 CONTINUE

ONE=*TRUE*
IF(OTELP-1-PELt4AX) 1031,1032,1050

1031 CONTINUE
IF(CHCOL) COLOR=MOD( COLOR+292 )+1
INDEX=3
GO TO 1020

3000 CONTINUE

C PERFORM TWO-DIMENSIONAL DECODE
C
C
C FIRST, SET OUTPUT BUFFER TO WHITE
C (ONLY t3LAC< RUNS WILL BE INSERTED)
C

00 3010 I=1.60
OTRUF( I, GTCOD)=0

3010 CONTINUEI C '
INOEX=3

COLOR= I
OTELP=1

C
ZE RO= o FA- SE.
LSS=FALSE.
ONECNT=O

-3020 CONTINUE
CALL TWO:1 t(INDEX9 COLORSTATUSL)
GO TO (3020D.I0701070,10351040).STATUS

C 1 2 3 4 5
STOP 3000

C RUN ADDEO; LOOK FOR NEXT RUN
C

. 3030 CONTINUE -

ONE= &F ALS Es
IF(OTEL-I-P-OELMAX) 3031.1032,1050

3031 CONTINUE
IF (CHCOL) COLOR=MOD( COLOR 2,2 ) +1
INOEX=3
GO TO 3020

C..

C LINE LENGTH=PELMAX; CHECK FOR FILL AND LCOK FOR LSS

1032 CONTINUE
ZERO=*FALSE*
LSS=*FALS6*
ONECNT=O

1033 CONTINUE
.. -. -WRDBUF=0

LPACK=O
L=O
CALL GETL(1,.4ODE,LtJiTAsL)

UNCLASSIFIED
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c
GO TO (1O34*1O5091050,1O50)@MCDE

C
C CHECK FOR FILL
C

1 034 CONTINUE

CDELP=CDELP+L
IF(LI3ITS*EO) 30 TO 1.033I: L=0
WROBUF=O
LPACK=0 L6MD~LISLCALL GET(,OELJSL
GO TO (107091060,1060si080),MODE

c
C PRE.*ITURE LSS DETECT=ED

C
C LSSI DETECTED
C

1030 CONTINUE
CDELP=CDELP 4L
STATUS54

C PROLESPRoLES OSCCNE~
GF(ONSO 21081080*0

C

C LN EGhCRET LSS DETECTEDPRELY WITOUPTLN
c

1060 CONTINUE
CD EL P=COE LP +L

TC TPGO TO 1000

C LINBE TOO .OG O MTC
C.

--- 1070 CTOTNU 1050 ..

C LINE SHORTH ORC*LSDTCE RPRY RT UPTLN
C
1080 CONTINUE

WRITE(OTFIL) OTLNOPELMAX(TBUF(lOTREF),I=l1,60)

IFYN.FA SENC.TR

F(OEo GO TO 1

C

C WR ITE AWT F LNE

DO80 100K 11, 60
110OIF(OTOD) G T 19

WRITE(OTFIL) OTLNNOPPELI4AX,(OTBUF(IOTCOD),I=1C*0)

GO TO T1110- UNLS~FE
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wRIT~tL?FIL920I0) CONSEC
2010 FORMATr(-OENZ) 3F 4ESSAGE DETECTED (0*1290 EOL4'S)')

C
C REPORT CQMiPkESSIO4 FACTOR* IZRRCR SENSITIVITY FACTOR98IT ERROR RATE
C

ER~qTE=FL.AT( 7RRCNT )/FLOAT (TCOEL)
WRITE( L:)IL92520) TCDEL.TCOATATSTFBT.INLNCT.ERRATE

2020 FOR;4AT('3TOTAL NU48ER GF CODED SITS = 1.18/
* 'OTOTAL N~UMB8ER OF CCDED DATA SITS = $.18/
* 'OTOTAL NUMBER OF STUFFING BITS = 0918/

63'TOTAL NUMBER OF INPUT LINES PROCESSED =098

* *061T ERROR RATE = 19G14.6)
CALL STATS(STiT,1INLNCT.DIAG)
CF3--FLOAT(Pj..sAX) *FLOAT( INLNCT)/FLCAT( TCOEL)
CF4=FLOAT(PEL4AX )*FLOAT(CINLNCT )/FLOAT (TCDATA)

WRITE(LPFIL*2030) CF39CF4
2030 FOR-MAT(*OCOMPRESSION FACTOR FOR GZ MACHINE (CFS) =*tF8*4/

* '3COMPRESSION FACTOR FOR G4 MACHINE (CF4) ='oFB.4)
C

CALL ERRMES(PE-.BUF,:)TUFPELMAXVRES.E-RRCNT)
C

ST OPr SUBR3UTrN= GETL(LBITS*MODEoWRD*L)
IMPLICIT !NTEGER(A-Z)

C******* LABELE.0 COM4ON /G328IT/****
C

COMMON /3;3281 T/AASK( 32) ,COMtASK(32) .LIBIT(32) .LZBIT(32)
INTEGER MASK COMASKsL I BIT sLZBIT

C0.14N/BJFF/PELJF(602)CDBUF(240),OTBUF(60.2),
* STFBUF(240)o STAT(3000)

CO'MON/HUFF/CODE(3.92,2) .CODERD(3,9)
COMM ON/ER AY /ERRORS (2500 J
C****************LABELLED COMMON VARIAeLES ***********C
CUMM-ON/I VAR/PSLMAX 9VRESpEPHASE 9CMPMAX9 ERRMODoL NMAXI(
CO,4-40N/aVAR /IN-...NN3,9OTLNNO*DTELW I NELP 9CDELPoOTELPvCDELWq

CDOLCT #INELCT 9TCOATAsTCDEL 9 RR PNT9 ERROFF*EFRLIM 9
* ERRCNTINLNCT,CCN4SEC.ONECNTLNNOBFWRCBUF.LPACK.
* !NCD.NREFCTCCD*OTREFTSTFST

CO4M:JN/I CHAR/DD. II 1 MM# TT .NN9 YY
COM4,N /- OGI C/S!-A.RCH 9 D IA Co SYNC 9L SS9 W*RI TE o ZERO *LEFTPCHCOL 9ONE11LOGICAL SEARCHo DIAGvSY NC vLSS *WRITE* ZERO. LEFTsCHCOL9ONE
C***** ~***************BEGI N PROGRAM *************

C
MODE=4

C RETRIEVE NEXT BIT FROM COBUF

C

IF(L+CDEiL'.LE*CDELCT) GO TO 200
IF(COELCT-CDELP+1) 17091909180

170 STOP 170
ISO CONTINUE

STFbUF( )=148(STFBUFCDELP.COELCT-CDELP+1)
190 CONTINUE

CDELP--32- (COELCT-CDELP)
CALL ENCODR

200 CONTINUE
POL=14t3(STFSUFCDELP+L,1)
L=L+ 1
IF (POL )2209 240*300

220 STOP 223
240 ZERO=. TRUE.

-IF (ONEC'T-5)3109260t 280........-- .~. .

260 CNECNT=O
GO TO 100

280 IF(.NOT.ZERO) RETURN
M0E=3
RETURN

300 ONECNT=ONECNTe~1
IF (ONECNT-5 )32093200340

310 CONTINUE-. .

ONEC NTO0
.320 CONTINUE

LPACK=LPACKNl
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IF(POL.) 324,330#325
324 STCP :524
325 CONT INUE

CALL I'A 2t3(POL9wR38UF.,LP4CK.1)
330 CONTINUE

IF (LPACKeLT.LE3ITS) GC TC 100
WRDOI4(iRD3UF.1 ,LPACK)
MODE=1
FET6URNo

340 IF(.NOToZ 7,O) RETJRN
IF (L 3S ) GD TO 360
LSS=.TRU:E.
GO TO 100

RE TURN
EN 0

IMIPLICIT INTEGER(A-Z)

C******* LABE..ED COAM0N /G328IT/ %***

COMMON /Ci32BIT/MA#SK(32),CO3MASK(32),LlaIT(32) .LZB!IT(32)
INTEGER 4A3K9COkiASKtLI8ITipLZBIT

COM~i3N,/3UFF/DE-.BUF(60,2) ,CDOUF(240) ,CTGUF(60,2)9
* STFBUF(240)9 STAT(3000)

COMMON /HUFF/C30EC3 99292~ ) CCJERO(39)
CCMMCN/:RAY/ERRS(2500)
C******************FILE DEFINITICNS **********

C
CO.'M0N/FIL!E3/TERM.LPFIL, PELFIL,OTFILERFIL

C
C**~*************LABELLED COM40N VARIABLES ******~****

C
CO4J4NIVAR/PEL4AXtVRES.EPHASEC-4PMAXERRMCDL.INMAX.K
CO44ON/oVAR/IN-.NN3,)CLNNO,OTELWINELP.CDELPOTELPCDEiL~,

* CDELCT.INE-LCT.TCDATA.TCDEL.ERRFNTERRCFFERRLIM,
*ERRCNT t I NLNCT *COiNSEC %0NECNT 9LNNOBF 9 WROBUF LPACK 9
* INCODZNR-FOTCOOOTR:FTSTFBT

COM-iO'J/ICH-AR/JVJ, IIMMTT.NNYY
COM.ON/LOGI C/SEARC D I AGSYNC, LSS OR ITE9 ZERO* LEFT sCHCOL, ONE
LOGICAL SEARCHO014G 9SYNC 9LSS, WRITE, ZERCmLEFTCHCCL,9CNE

C
C***** *********************BEGIN PROGRAM **********

C
C INITIALI ZE VARIABLES
C

CD ELCT=32
(CDDATA=O
DO 50 I=2,240
CDk!UFZ I)=0

50 CONTINUE
C
C READ INPUT PICTURE FILE - .

C
100 CONTINUE

READ(PELF IL ,END=1 20 ERR=500)
*It LNNO.INEFLCT(PLUF(I,INCOD).I=1,60)
IF(MOD(INLNNO.133)eEG.0) WRITE(TEP.Mi11O) INLNNO

110 FCRMAT(t INOUT LINE NO* =, 16)
IF(MtD(INLNNO-1,VRES)oNEe0) Go TO 100
IF(INELCT.LT.P;ELMAX) CALL EXIT
INLNCT=INLNCT+l

C
C LOAD OUTPUT LINE NUM4BER BUFFER -

LNNOBF=I NLNNO
IF (SEARCH )0 TLNNO=LNNDBIF

lF(INLNN~oLE&LlN4AX) GC TO 140

CC WRITE SIX LSS1ISt 120O 130 I=1.6
CALL CODEVH8,DOO,0CELCTCDD)ATA)

130 CONTINUE
DO 1 35 T=1. 6

15STFt3UF(I)=CDUF( I)UNLSI o

135 CONTINUE

GO T *4
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C FIRST OF K LINES?
C

140 CJNTIN'JE
IF(.40(IJ4LNCT-1,K)eNE&0) GO TO 600

C1<c ONE-OI'4ENSIONAL CODING
C %NRITS ONE LSSI

CALL CO:)E-VHi(8,3O,0,0,CDELCT.CDDAT4)

POLAR~ 1
C

C TEST COLOR OF FIRST ELE'4ENT
IF(148(PEL8UF(IINCOC),91.1).EQO) GO TO 150

C FIRST ELE4IENT BLACK; ENCODE 0-LENGTH WHITE RUN
C

CALL CODELNCO.1 .CDELCTCDDATA)
POLAR= 2

C
C CALCULATE RUN LEN3;Th AND ENCODE
C

150 CONTINUE
RU N 0
00 200 I=1,PELMqAX
PEL=1483PELBUF(l19INCOD)9 1.1)+l
IF(PEL*EO.POLAR) GO TO 180
CALL CODELN(RUNPOLAR#CDELCT*CDDATA)
IF(*NOT.D)IAG) GO TO 170
WRITE(TER-M,160) RUN9POLAR9CDELCTCOjATA

16C FO RMAT (4 1 8
170 CONTINUE RUN=I

POLAR=-MOZ) CPOLAR*2*2)+l
GO TO 200

180 CONTINUE
RUN=RUN41

200 CONTINUE
CALL COOEzLN(RUNPOLAR.CDELCT.CDDATA)
IFC.NOToDIAG) GO TO 210
WRITE(TERM*1601 RUN sPOLAR *CE)ELCT CDDATA
GO T3 210

C
C TWO-01-MENSIONAL CODING
C

600 CONTINUE
C -

C W~RITE JNE LSS2
C

CALL CQ3EVH(9#0s0,0s0.CDELCT*CDDATA)

C

A0=0
POL=0
LEFT=*TRUE.

C
C DETECT Al
C

620 CONTINUE
* . 1=A0+1

IF(I&GT.PELNIAX) GO TO 640
630 CONT IN UE

PE L=14 iMPEL BUF(1.9INCOD) 9 1 
IF(PEL.NE.POL) GO TO 640

IF(I.LE*PELMAX) GO TO 630
640 CONTINUE
SA11=. --

C
C DETECT 81

I=AO+1
* - IFCI*GT*P!=LMAX) GO TO 665

PELMI=143(PE-L8UF(1,INREF).AO.1)
IFCEFT) PELM1=0

-- 650 CONTINUE

IF(PEL.NE*PELI) GO TO 670
660 CONTINUE

UNCLASSIFIED
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PEL,4I=PEL

IF(I#L'e.PEL'4AX) GO TO 650
665 CONTINUE

8I1
GO TO 710

670 CONTINUE
IF(P-L .NE POL) GO TO 690
GC TO 660

690 CONTINUE
B1~l

POL=PEL
cC DETECT 32

IF(IGTPELAAX) GO TO 710
700 CONTINUE

PEL= 14 ( P E3 UF( 1 , INREF ) I, 1)
IF(PEL.NEPQLI GO TO 720

IF I.LE.PELMAX) GO TO 700
710 CONTINUE82=1

GO TO 733
720 CONTINUE

82=1
POLPEL

730 CONTINUE
IF(.NOTLEFT) POLAR=I14(PELBUF(IINCOD).AO,1)+I
IF(.NCT..EFT) GO TO 740
POLAR-I
A0=1
LEFT=.FALSE.

740 CONTINUE
C
C TEST FOR PASS MODE
C

IF(82.GE.A1) GO TO 750
C
C PASS MODE CODING (CANOT END A LINE IN PASS MODE;NEW AO MUST HAVE
C SAME POLARITY AS 82)
C CALL c TCODEVH(II*O*09O*O•CELCT*CDDATA)e0i

C CALCULATE LENGTH OF VERTICAL AND HCRIZONTAL MODES
C (EFFECT OF ZERO INSERTION IS IGNORED)
C

750 CONTINUE

C DO HORIZONTAL FIRST
C .. .. At MAO= At-AO - . . .. . . . . .... . . . . . . . . . .

HORI Z= O
IF(AIMA3LE63) G3 TO 755HORI Z-CODE ( 1,A1 4AO 164+ 64 POLAR)1 . .. ..

7 55 CO NT IN UE
TEMP'=NOD ( At MAO v 64) +1 ..
HORIZ=H3RIZ CODE( 1 •TEMAPoPOLAR) +4

C

C" CALCULATE VERTICAL LENGTH
CAS--IABS (AI-81)

IF(MAB-I) 760,770*180O

C~~~~~76"0 VERTIC=I 0. . .. .. .. .. .. . . ..

770 VERT IC=3
. GO TO 790.. . ... ... . . ... . . . .. .. . . . .

T80 VERT IC=.'4AB+3
790 CONTINUE

IF(HDRIZGT*VERTIC) GO TO 835 ...
C
C CODE BY HORIZONTAL MCDE;FIRST DETECT A2 .
C

I = Al +1
IF(I*GTPELMAX) GO TO 810

C CALCULATE POLARITY OF At

H-9
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POL=148CPELSUF( Is INCOD )tA1,91)
800 CONTINUE

PEL=14 a(P 0eBUF( 1 # NCOD.I,1I
IF(PSL.NE*-OL) SO TO 820

IF(I*LE*PlELM AX) GO TO 800
810 A2=PELMAAX4I

GO TO 830
820 CONTINUE

A 2=1
830 CONTINUE

CALL CODEVH(2.POLAR.AO.AIA2.CDELCTCODATA)
AO=A2
GO TO 960

C
87 CALL 8 VOETICAL,.0ODMLODEDT

880 CALL CODEVHC4.O0000CDELCT*CDDATA)
GO TO 950

890 IF(A1-91) 10980,920

960 STCP 80

GO TO 950
80CALL CODE VHt(5,O.AI,81,CDELCTCOATA)

910 CALL CO:)E-VH(7,0,oA1,B1.0,CDELCTCDDATA)

210 CO NTIN UE

I- TEA4 FOR EF LN

C
C6 BITSt.FINE ZR NSRIN

er. -CAL STUFF4CDBUGOSTOFTF2 TC10C)

C
C SW INEH COETEFDRENBIT OINLY)
C

* C CHTEK CODE IELNT

ILCDMPA-CLC3)

C ITFTFIL G (Z00,400 ERT250
C

CALL STCDELCT+FLL -- - - gCDLC)
C.
C SACCUMLATE SNTHTISTSAN ERRSOR CORUP

C

C CECRK CORERLNELETT
C

F(ERRBIT.GT.CDELCT-32) OT 9

C
C EROINNEO COOED LINE;TOCHSNGET;AFIL ITITOTE BIT

-ACU0LT STACLASSC AND ERORCRRP
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BIT= 148(STFL*UF& ERRS IT +32,l1
81 T=4C0(BIT~l 2)
CALL M412B(BlT*STFaUFtERR8IT+32ipI)ERRCNT=ERRCNT41 5

C

C

C

45 EROR LAT EXHAUSTE

C
500 CONTNE ... . .. -*--.-*-*-.1*

C7 FRALL DER EITEHASEXIT910 T RRRI
j LAST ERO CURD-1100BT'

* STFBUFT22 STATISTICS0

C

C

CDELC=(CDELCT+COER1 ,MODE

C 5 ORZONTA (6 OE12 ) ........ ...-. .

C
5 00 CONTINUE

CALL EXITDR(32.DU.CEC+,OOR(.)

ED NAAC DAADOER ,
CALLUIN COD ELN(-A, OAR, A~p~CDELCTCDDATA) -..- ---

C VETIM4HFCAL MDE: IBI> (5) -.D-Rt~
CONTINUERYE OS (2500

CGOC=SLTO CODERD(1001050M 0508EI80 iMD

* CMODE =C1OA2+3oD 4D( 5,6DE) . a.9

50STOP 129 ,. .k
- NLSSFE
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POL=I48(PELSUF(it INCOD )vA1. I)
800 CONTINUE

PEL. I4](Pe-. BUF( 0 INCOD ), 1 91)
IF(PEL*NE*POL) GO TO 820
II.
IF{I*LEPELMAX) GO TO 800

810 A2=PELMA X+1
GO TO 830820 CONT INUE.

:20A2=1
830 CONTINUE

CALL COOEVH(2.POLAR.AO.AZ.A2CDELCTCODATA)
AOA2
GO TO 960

: c
C CODE BY VERTICAL MODE~c

835 CONTINUE
IF (VERTIC-3) 840t3509890

8 40 CALL CODEVH(3,O.090909CDELCT*CDDATA)
GO TO 950

850 IF(Al-81) 810,960920

860 STCP 960
870 CALL CODEVH(67O0A1*0CDELCT9CDOATA)

GO TO 950
880 CALL COO=.VH(4,O.AOO09CDELCTCDOATA)J GO TO 950

190 IF(AtE- ) 9109900,920

C

S900 STCP 900
il910 CA LL COX-VH(79OtAl*Bl*O•CDEL' T9CODATA)

GO TO 5 F920 CALL CODEVH(590*AE •BlsO*CDELCTCODATA)
950 CONT INUE-

AO=Al

CC TS-ST FOR END OF LINEC A)
960 CONTINUE

IF(AO*GToPELMAX) GO TO 210
POL=I4A(PELaUF(I•INCOD)vAOI)
GO TO 620

210 CONTINUEc
C SWITCH CODE & REFERENCE LINES

C
TENPS INREF
INREF= INCOD
INCOD TE4P

C
C BIT STUFFING (ZERO INSERTION)
C

CALL STUFF(COBUF.STFBUF.STFBITCDELCT)
c
C SAVE LINE LENGTH(DATA BITS ONLY)
C

STAT( I N-LCT)-CDDATA,8
C
C CHECK CODED LINE LENGTH
C

FILL-CMPMAX-(CDELCT-32)
C IF(FILL) 400.400,250

C CODE LINE 100 SHORT; FILL IT TO CMPMAX
250 CONTINUE

CDELCT--CDELCT.FILL
C
C ACCUMULATE STATISTICS AND ERROR CORRUPT

400 CONTINUE
IF(ERRRODsEONN) GO TO 390

C
C ERROR CORRUPT
C

:50 CONTINUE
ERRS IT=ERRORS( ER RPNT )-E.;t- F- TCDEL

-. IF(ERRB1T.LE*0) GO TO 360
IF(ERRBITGTCDELCT-32) GO TO 390

C ERROR IN RANGE OF CODED LINE; CHANGE APPROPRIATE SIT

H-io UNr.LASSI FIED
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540 CO NT I NUE
(30 550 I=1.LI4
CALL 4I2t3(0,C )UFCDELCT1.1l) COSUF MUST BE INIT. ToO0

CCOEL CT -d-DELCT +1
CD )AT A=CD DATA i

550 CO NT IN UE
560 CALL M 128(1 9CD8UF9CDELCT+I.a1I

C0ELCT&s)ELCT+l
C 0 wAT A=C 0DA TA+lI

c ADD LSSI OR LSS2 TO LINE (899)

00CONTINUE
*CALL M 12J( COOERD(3* MODE) 9CDBUF9 COELCT+1l.CODERD( ItMODE))

CDELCT=.)ELCT4+CODERD(1 ,MODE)
RETURN
END
SUBROUTINE ONEDIM(INDEXCOLOR*STATUS.L)
11MPLICIT INTEGER(A-Z)

C******* LABELED COMMON /G32B1T/****

COMMON /Gi32BIT/'MASK(32).CCMASK(32).LIBIT(32).LZBIT(32)
INTEGER 4ASKtCO4ASK9LI8IT9LZBIT

C
COMMON/BUFF/PELc3UF(6092).CDBUF(240OhOTB3UF(60.2).

* STFSUF(240)o STAT(3000)

COMMON/HVFF/CODE(3992.2.CDDEROt 3.9)ICO MAi4ON/m-R A Y/E RROR S( 250 0)
CC*****************FILE DEFINITIONS **********

COM%4ON/F ILES/TERM.LPFILPELF IL ,OTFIL.ERF IL
C****************LABELLED COMMON VARIABLES ***********

COMMO4N/IVAR/PEL4AXVRESEP1ASECPPAX.ERRMOD.LINMAX.K
COM.MN/PVAR /IN-.43 9,DTLNNC*OTELW. INELP 9C0ELP* OTLP*C0ELW*

* CDELcr. INELCT.TCDATATCDELERRPNT.ERROFF.ERRLIM,
* ERRCNT.INLNCTCONSEC.ONECYT.LNNOBF.WRCBUFLPACK.
* INCOD. INREF#OTCOD*OTREF* TSTFBT

CO'4.ON/ICHAR/DDII ,MMTTNNYY
CO'I.%iON/-.OGI C/S.ARCH.DIAG, SYNC .LSS, WRI TE, ZErOLEFT,CHCOL ,ONE
LOGICAL SEARCH.DIAG.SYNC.LSS .WRIT.. ZERO.LEFT.CHCOL.ONE

C BEGIN DECODE LOOP; RETRIEVE NEXT CODE WORD LENGIH (L)
C

1000 CONTINUE
L-0
WRD8UF=O
LPACK-0

*1002 LENBIT=CODE(1,INDEX*COLOR)
CALL GETL(LENBIT#MODE*LBITS*L)
IFtO ZAG) WRTE(TERM1003) LENBITPMODE.LBITSoL

1003 FGRol4T(2 6Z891 6)
--- GO TO (1040912009120591190)1 MODE

STOP 1040
1040 CONTINUE

IF(LBITS.EO.CODE(3,INOEX.COLOR)) GO TO 1100
C
C NO MATCH; ADVANCE CODE WORD INDEX VIA DECODE THREAD
C

INDEX=COOE( 2. INOEXtCOLDR)
- IF(INDEX.*GE.93) GO TO 1190 -

IF(CODE(1,I-NDEXCDLOR)e.O.LENBIT) GO TO 1040

C CODE W3RD LONGER; FROM THE TOP -

C
GO TO 1002

C
C MATCH FOUND

100 CONTINUE
CD ELP--CDELP+L

C NOT AN S
C

C, TEST FOR MAKE UP OR TERMINATING CODE

RUNLEN=INDEX-1
IF(INOEX*GE*65) RUN~LEN=(INDEX-64)*64
IF(RUNLE'.I.EO.0) GO'TO t160

UNCLASSIFIED .
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IF (CiL O~eFQ. *I 0G TO 1155
IF(RUNLENoLToOl STOP 1100

C
C AJD BLACK qUN TO GOTPUT BUFFER
C

DO 1150 I11RUNLE4
CALL M129(COLOR-1 *OTBUF( 1,OTCOD) 9OTELP91)
OTEL PitOTELP +
IF (OT ELP-1.9GT.PSFLMAX ) GO TO 1180

1150 CONTtNUE
GO TO 1160

C ADD WHITE RJN TO OUTPUT BUFFER (BY DEFAULT)
C
1155 CONTINUE -. . . .

OTELPzOTELP *RUNLEN
IF(JTELP-1 *GT sPEL-MAX ) GO TO 1180

C
C OUTPUT LINE LESS TRHAN OR EQUAL TO %AX SPECIFIED

11l6 0 CONTINUE
IF(INDEX*LT&65) GO TO 1170
INDi:X-3 ..

GO TO 1000
C
C RUN ADJEU TO OUTPUT A-NE; LENGTH LESS THAN OR EQUAL TO PELP4AX (1)
C
1170 CONTINUE

CHCOL TR US.
ST AT US1
RE TUN .-.

c4
C RUN AZOOED UNTIL PEL.4AX EXCEEDED; LINE TOO LONG (2)
C
1180 CONTINUE

IF(OXAG) WRITE(TERM91185) (OT8UFIs OTCOD)& 11.60)
1135 FORMAT(6ZI0)

STATUS-2
- RETURN - -- .- ..--

r C
C NO MATCH FCOUND IN CODE TABLE (3)
C

1190 CONTINUE
ST AT US= 3

C RE TURN

C

1200 CONTINUE
ST ATUS =4
RE TURN

C
C LSS2 DETECTED (5)
C

-1OCONTINUE.......-.- .---

STATUS-5
RETURN

SUSRUTINE TWODI M(I NDEX,9COLOR, STATUS 9L)
IMPLICIT INTEGER(A-Z)

C******* LABELED COKMON IG328!T/****
C

- COMMON #G3281ITeMASK( 32 ),COMASK( 32),L18IT(32),LZ8IIT( 32)
INTEGER MASKCO'4ASKLIBIT9LZ8IT

C
CCXMMN/JFF/PELBUF( 60,2) ,CDBUF(240 ) OT8UF( 60,2),

* STP3UF( 240), STAT(3000)
CO?MN/HUFFCOO(3922),CODERD(3.,9)
COMMON /ERAY/ERRORS( 2500)
C******.*s*********FILE DEFINITIONS **********

COMPON/FILES/TERMLPFIL.PELF IL ,OTFILERFIL

C*****************LABELLED COMMON ViARIAeLES ***********

COM!140N/IVAR/PEL'4AX. VRESEPHASECMPM4AX, ERRMCDL INMAX.K
C0.4%IO4/VA/IN*N3,OTLNNOOTEL.W.INELPCDELP.OTEL~,CDELW,

* CDEL-CT, INrLCT.TCDATATCDELERRPNTERROFFERRLIM9
* ERRCNT.INLNCT.CON~i--CONECNT.LNNOBFwR08UFLPACK,
* INCOD, INRFFOTCODOTREFsTSTFBT

COMI,40N/I CH-AR/DO. II MM*.TTtNN#YY
CO4IMON/.OGIC/SACHDIAG SYNC LSS WRITE* ZERO 9LEFTvCCOLsONE-
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LOGICAL $EARCH.:P)IAGSYNCLS5 ,WRITEZERO.LEFT.CHICOL.ONE
C
C BEC-1- DECODE LOOP' RETRIEVE NEXT CODE IWORD LENGTH M1

1000 CONTINUS
Lu 0
WR D~vw0
LPACKU 0

1 002 LENOIT-CODER.1(l 1s INDEX)
CALL GETL(LTNBIT,4QDE*LB!TS9L)
IF(DIAG) WRITE(T!E'4,1003) LENt3IT*MODE*LBITS*L

1003 FOA4AT (21 otZ8916)
GO T) (10 40 a 12009 1205S.1190), s4005
STCP 1040

1040 CONT IN' 0 "E10
C FL3T*JCDR(3IOX)G C10

C NO MATCH; ADVANCE CODE WORD INDEX VIA DECODE THREAD
C

INDEXm CODER.( 2. INDEX)
IFtINOEX*GEe8i GO TO 1190

IF(CD3DE-l)(1.INDEX)*EU*LEN8IT) GO T3 1040

C CODE VORD LONGER; FROM THE TOP
GO TO 1002

C MATC" FOUND

C
1100 CONTINUE

Co EL PaCDSLP 41.

C NOT AN LSS

C FIND ;;g;;40 82
C'

AOmOTELP

C DETECT B31

IvAO~l
IF(IGTsEL4AX) GO TO 65
PELMI=0
IF(AO*EO) GO TO 50
PELM~luI48(OTBUF(1,*2TREF),A0,1)

50 CONTINU-P
PEL-I4BfOT5UF( l9OTREF) .1,1)
lF(P-'L*.NZPELMl) GO TO 70

60 CONTINUE
PEL-1 I= PEL

lF(ILEPELMAX) GO TO 50......- *-

65 CONTINUE

IFPL.O)GO TO 92

92 CONTINUE

910 CONTINUE

GO T 10,0,3040.0.00T0. NE

c-1~UCASFE

C. -EET8
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RIJN. EN=2 -0TEL P
CHCOLS.F AL iE-
G.O TO (1155,1145)C)LOA

C
c 3RIZONTAL MODE

EALO ON0E.OI4fENTRYCOLJR*STATE 9L)

GO TJ (210.11813C190.11200,1205).S1ATE
210 CONTINUE

COLORmM:OCCOLOR#2. 2)+I
ENTRYX:3
CALL OJED 14 (ENTqY, COLOR, STATt~i,
Go TO 42 2 0o, 1I 8 0*11 9 091200 1205) *STATE

220 CONTINUE
CHCOLM *TR UZ
GO TO 1160

C
C VERTICAL 40DE A1814O
CJ
300 CONTI4UJ-

RUNt.LENua1 -t)TELP
CNCOLW .TRUE*
GO TU (115591145)C.TLOR

C
C VERTI[CAL AODE VRI A131S1l
C

400 CONTINUE
RU4.EN=81-0TELP$1

GO TO (1155#.1145) CLORj
c VERTICAL AaDE RIGHT AIBI)1
C

!500 CONTINUE

0! ;ECT4l
610 CONTINUE

L2 0
WRCLUF=0I LPAC'(S0
CALL GE1L(i,vm0Xc~,-rITSsL)
Go ru (5 ZO,12 0 0 vI205#1190)sVMOOE

520 CONTINUE
CO EL Pa CDELP +1

525 STOP 525
530 CONTINUE

RUNL.ENwRUNLEN+( 1.DIRECT)

GO TO 510

540 CONTINUE
GO TO (I1155,145i.COLOR

C VERTICAL MODE LEFT VLI A1BIl1

600 CONTINUE

700 COTINqUE

C

RU NL !ENzB1 I OTELP-2
DIRECT--1
GO TO 10

C ADD 13LACK RUN TO OUT'IUT B3UFFER

1145 CONTINUE
IF(RUNLE4) 119091160.1147

1147 CONTINUE
DO 1150 l9IRUNLE-N
CALL MIl218(COLOR4.DUTBUFC1,OYCOD) .CTELP.1)
OTELPZOTELP+l
IF(OTELP-1.GTePELMAX) GO TO 1180

1150 CONTINUE
GO TO 1160

C
C ADD WHITE RUN TO OUTPUT SUFFER COY DEFAULT)

UNCLASSI FIED
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C
1155 CONTINUE

IF(RJNLEN.L.T*0l G3 TO 1190
OT EL C L *RU NL EN
IF(0TELP-1.GT*PLM4AX) GO TO 1180

C RUN AODEC TO OUTPUT LINE, LENGTH LESS TH~AN OR EQUAL TO PELMAX (1) -

C
1160 CONTINUE

STATUS1l
RETURN

C RUN ADDED UNTIL PELM4AX EXCEEDED; LINE TCC LONG (2)
C
1180 CONTINUE

!F'DIAG) WRITE(TERM,,1181.) (OTBUFtI.OTCCD)tIl6)
1185 FOF.4AT(6Z12)

ST AT USx2

C

1190 CONTINUE
STATUS=3
RE7JRN

C

1200 CONTINUE
-STATJS-Z

LSS2 DETECTED (5)

1205 CONTINUE
STA7US=5
RETURN 'E N 0
SUBROJUTINE STUFF(CDBUFSTFBUFSTFBITCDELCT)
Ii4PLICIT INTEGERCA-Z)
DIMENS13N COBUF(240)oSTFBUF(240)

C******' LABLED= C014.40 /G32BIT/****
C

COMMON /G328IT/M1ASK(32),COMASK(32).L1SIT(32).LZ8IT(32)
INTEGER MASK*COMASKgLIBIT*LZ8IT

C
C ICITIALES FU T
C

CALL M(IaBLSSTBF2)18
100 CONTINU.E

LICNTO

CALL3U I2B)POLSFSU..,

10 CONTINUE
IFPL141)G T 1

GOLCT.E~ GO TO500

C -CALL M12!3(09STFBUF*Jo1) NOT NECESSARY
-. LICNT-0 - .-

C TEST IF'FINISHED'

1;:I*E.*DECT)GOTO 100

STBTJ1CEC
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RETURN
END
BLOCK( DtkTA

Z:4PLICIT INTEGER(A-Z)
Z**********e******SFILE D-F IN! TICNS *P********

C
COMMON/F I LES/T ZRM , LPF I Lo PELF IL* OTF IL, EFF IL

COM(4CN/BUFF/PELaUF(6>0.2).COcUF(240).aT8uF(6O,2).
* STFt3UF(240)o STAT(3000)

CO AONSHUFF/C"'E)( 3,92.2) ,CODEROC :. 9)
CU MN /T RAY /ERRORS (2 500)
C***.**********.sLASELLeD COMA'ON VARIABLES ***********

C
COMMON/I VAR/PEL.'4AX .VRESEPHASE.CMPM4AK.ERRMOOL INMAK 
CUMMON /PV AR/ I NLNW) 9 0TLNNO oCTEL W 1NELP ,COEL P 9OT ELP 9cDEL.W 9

*CDELCT,INELCT,TCOATATCDELFrtFNTEFFFERL'4,
*ERRCNT.* INL NC T sCCNSEC qCNETCNT.LNNOBF v VIRD Ur- , LPACK(

I INCOD oI Nk 1F 9ET CODsOTREF aT STF BT
COM'40'/I t$AR /00# 11 v MA TT oNN sYY
COMMO(N/..GI C/SEARCH, OIAG.SYN4C LSS. WRITE. ZER0.LEFT.C9COL. ONE
LOGICAL SEARCtt.31kGSYNC ,LSSWRITE.ZEFC.LEFT.CHCOL.ONE

C
DATA TERt4LPFIL.PELF1L.QTFIL.ERFIL/596.192. 3/
DATA DDO, £ I.MTT*.4.YY/'D*. lo * '*d T .*Ns.Y* /
DATA PELM4AX.VRES,&PHASEfC4PAXERrMODLNMAX/17282.O96.*T',300O 4
DATA K/2/
DATA DIAG/*FALSE*/

C
DATA C3DE(1, 1.1)*COE429 1.1)9CCDE(3.p l.1)/ , ?0,Z0035/
DATA COOE(l. Z.1)*COOE(2* 2*l)sCOOE(3v 2*1)/ 469 90*Z0007/
DATA CODEti. 3o1)9C0OE(2* 391)oCODE(3v 391)/ 49 4*Z0007/
DATA CODE (1 9 49I)9C3DE(2o 4l)vCODE(3s 4*1)/ 4. 5*Z0008/
DATA CO,3E(1. 5s1)vCODE(2i. 591)vCODE(3i So1$/A.* 6sZOOOB/
O AT A CO 6E( 1. 6 1 ) #CODE ( 2 691)oCDDE(39 691)/ 4. 7sZOOOC/
DATA CODE(1, ?91)9CWJE42# 7ol)*CODE(3* 791)/A.9 8*ZOOOE/
DATA C30E(1. 891)*COOE(2* 8*1).CODE(3. 891)/ 4. 99ZOOOF/
DATA CUDE(1. 9o )oCJDE(29 9.1)vCOOE(3v 9o1)/ t-. 109Z0013/

DATA C3))E(1. 1O.1),CODE(2* l001)vCCDe43 9 1091)/ S. 119Z0014/
DAT A CDDE(l1, l1.1)*CDDE(2* l1.1)oCODE(39 11.1)/S.v 129ZO0C7/
DATA CODE(lo 129I)*CODE(29 12.1)9COOE(3v 1291)/ '!* 65*Z0008/
DATA CO DS(It l3o1)v*'JDE(2v 1391)oC0OE(39 1391)/ 6. 141OZ0008/
DATA CODEd.e 14ot)sCODE12. l4o1).CODE(3s 1491)/169 15oZ0003/
DATA CUD~ls 15,L)*CODE(2* 15*1)*CODE(3* 15,1)/ 6s 16*Z0034/
DATA CODE(1. 1691IhCODE(29 16*1)PCODE(3. 16.1)16it 17.Z0035/
-DATA C3DE I , 1s)jC0DE1129 17*1) *CODE (3o 1791)/ 6# 18.ZOO2A/
D AT A CODE(1. 18*1 ).CODE(2o 13,1 ) sCODE( 3o 18,1)/ 6. 199Z0028/
D ASA CO.)E(1 1 .1o) *CCOE (29 19*1 ).CODE(39 19,1)/ 7. 20OZ0027/
D ATA CO .E( I. 20*1)*CODE(2* 20 *1 ) CCDE (3 # 20*1)## 7. 219ZOOOC/
DATA CODEdI. 21.1)9COOE(2o 219I)sCOOE(3s. 21*1)/ 7. 22sZ0008/
DATA CODE( 1# 22s I)sC ODE (2 s 22.1)*CODEC3. 2291)/17s 23.Z0017/
DAT A CO DE ( 1 23o1)9CODE(2. 23o I ) CODE (3 9 23.91)79 24*Z0003/
DATA CODE(1. 2491)*C3DE(2. 24.1 )oCODEC39 2491)/ 7. 259ZD004/
DATA CDDE(19 251 1) %CODE (29 -25v1),CODE(3.v 25,t)/ -79 269Z0028/
DATA CGDE(1. 26,1)vCUDE(2s 2611)sCODF'39 26.11/ 7. 27.ZOO2b/

*DATA CODE(1. 27*1).CODE(2. 27.1),CODE%3* 27*1)/ 7o, 28.Z0013/
DA4TA CODECT. 25,1)*CODE( 29 2891 ) *CODE( 39 28.1)/ 7. 29#Z0024/
DATA C3.DE(lo Z9,1)9CODE(2s 2991).COOE(39 2991)/ 7. 68#Z0018/
D AT A C3DE(is 3091 )*COOE(e 30.1)tCODE(39 36.1) / e. 31 tz0002/
DATA CODE(1. 31.,3),CODE(Ze 31*1)tCODEC3. 31#1)/ So 32.Z0003/
DATA C)DE(1. 32,1)#CCDE(29 3291)*CODE(39 32*1)/ e, 33#ZOOIA/
DATA CODE(1. 33*,IhCOOE(2. 33.1 )9CODE(3. 339i)/-69 34*ZOO1B/

-- DATA C33E(li. 34#1).CODE(29 34.1).COOE(3. 3491)/ So 35.ZO012/
DATA C30E(l# 3591).CODE(29 35.1).C0DE(3v 3591)/ 8. 36.Z0013/
DATA CODE(l. 36#1)9COVE(2* 36.1 )9C1O0E(39 3691)/ 89 37*Z0014/
DATA CODE( It 37.1)*CODE(2. 37.I)gCODE(3* 3791)/ 8. 389ZOO1S/
DATA CODE(.% 3891)*CODE(2s 38,1)sCOOE(39 3at1)/ S. 399Z0016/
DATA COD E(ls 3991),CODE(2* 39o1),CODE(3s 3991)/ So 409Z0017/
DATA CODE(1. -i,,)9C0DE(29 4O.1)vC0Dk(3# 40*1)/ 8. 41 aZ 002 8/
DATA C3DE(19 41,1)9C#3DE2,4lo .1),*CODE (3.p 4191)/ 8. 42-PZ0029/
DATA C3DE(1. 42t1).CCDE(2. 42*1)qCODE(3v 42*1)/ e, 43*ZO02A/
DATA CODEti, 43q1)vCODE(2* 43,l),COOE(3s 43o1)1 S. 449ZCO02B/
DATA C30EI., 44oI)#CODE(2v 44.1)*CCU)E(3. 44*1)/ 8. *5PZOOZC/
DATA CDOEC1 45.1)tCODE(29 45.1)tCDOE(39 45.1)1 8v 46oZ02Di
DATA CDDECI, 46,1),CODE(Zo 46.1).CCDE(3. 46#11/ 8, 419Z0004/
DATA CO;C~i. 47*1)*CODE(29 4791)vCOOE(39 47.1)/ E9 48.20005/
DATA COflEC19 489l).CDE(2. 4891)oCODEt3. 48.1)/ 8,9 49oLOOOA/
D AT A C3DE(1v 4991 ),CODE( 29 499l)9C0OE(3* 4991)/ So 509ZOOOB/
DATA CODECI, 50.1 ) CODE(29 5091 ).CDDE(39 5091)/ Se 51 9Z 005.:' /
DATA CODECI. 5191).CODE(2* 51.I).CCDE(3, 51#1)/ 89 52.Z0053/
DATA CODECI, 5291)oCOL)E(29 52.1)*CODE(3. 52*1)/ 8. 539ZC054/
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D4T4. CO0)E(1. 5391)*CJDE(2. 53o1)vCDOE(39 '-391)/ 8. 5j4oZD055/
DATA C)DEC1. S491)*CODE(2a 54*1)sCODEi3# 54*1)1 8, 55,20024/
DATA CODE(It 55*1UCDDE(2, 5S.119CODE(39 55*11/ 8. 56.20025/
DATA CD.)E(1. 56%1)oCOOE(29 56I1lCOE(3v 5691)/1So 57*Z)058/
DATA CODLi(l. 57v I) sCZDE( 29 57sl)1CODE(3, 57.1)/ B, 58.20059/
DATA COOE(It 5S9I)oCOOE(29 5.%B)*CGDE(39 58.1)/ L'. 599Z005A/
OATA C)JE(1. 59v .)*CODE( 2s S99.11CGDE(39 59.1)/ 8o 60,ZO058/
D AT A C'DE(1,9 60o11,CDE(Zs 60*11.COOE(3o 60.11/ e. 61.ZOO4A/
DATA C03;)EIt, 61*1) aCJ.DE(2 * 61s1)s("CDE(39 6191)/ So 62.10048/
J AT A COO=(1. 5 2* ),vCODE (2% 62,1).COEt(Ze 6r'.1)/ e, 63-Z0032/
3-%TA CME(1. b3sI)oCDF(~29 b3,1l.C0D(3* 6391)/ 8, 649Z0033/
DATA CDr( Is b4i, JCODE (2 s 64911.CODE(3, 6491)/ S, 69.Z0034/
DATA CZJDE(It b5.1)oCODE(2* 65.1 1.COOE(.3* 6591)/ !f, 66.20018/
OATA C)OE(19 66.1),ZO0DE(2, 6691)*CODE(3. 6691)/ 5. 6?.Z0012/
D DAT A C3DE(Is 67 11) *CODE (2s 67ol1.CODE(3. 679.1 )/ C, 2*Z0017/
DATA CODE(1. 6SsI)sCODE(2v 6Ss1)9CODE(2* 6891)/ 7v 309ZO037/
DATA CJDE(1. 699I)*CODE(Z, 6991)*CUDE(39 6;.11/ 8,s 19Z0036/
DATA CODE(1, 70,1)*CODE(29 70.1)*CCDE(3. 70.1)/ 8, 719Z0037/
DATA COJE( I 7191 ),oODE (2v 71* I) %CODE (3 9 7191)1 f!. 729ZOO6A/
DATA CODE( 1 7291),COOEC2e 72 1 )*CODE( 3* 72911 /es 73,20065/
DATA C3DE(1. 71),CODE(2# 73ol1,COOE(39 73911/8St 74OZ0068/
DAT A CODE(1. 74.1).CODEC2, 7 " 91 ) CO)E( 39 74,1)/ 8. ?5tZOO67/
DATA CODE (Im 7591 ) *C ODE (2,9 75o1)*CCDE(3* 75*1)/ 9,o 76vZ0OCC/
D AT A CODE( I* 76.1)PCODE(29 7691 ) CCDS('Ao 7691)/ S. 77.Z0CCD/
DATA CODS~lo 77*1)*CODE(2, 77,1)t'ODE(3s 7791)/ S. 78*ZOQ02/
DATA C:)DE(1. 7891)gCODE(29 7S9I),CODE(3% 7891)/ 9, 7,9ZOCD3/IDATA C3DE(1. 79*1 ) 9COiDE( 2s 79s 1) vCUOE(3s 79.1)/ So 80.20004/
DATA C33Et1. 80o1)*C0DE(2o 80.1)9CGDE(3* 80,1)/ 9. 81,20005/'
D AT A C3DE(1. B1lCODE(2s b1,1)oCCDE(3* fto1)/ go 82*Z00061
DATA CODE(19 82*1)*CODE(29 8291)tCOO.F(3% 82,1)/ 9, 83,20007/ 4
DATA C30E(1, 83*1)*CODE(2,o 8391)*CCDE(3% 8391)/ go fj4.00O81
DATA CODE(1. 84.1 ).CUDEC29 8491 )vCODE( Jo 8491)/ 9 1559 .)9/
DATA C3D)E(1, 85,1)*CQDE(Zip S5s1)9C0DE(3s 8591)/1go 86*ZOODA/
D AT A C30E(1. 8 6 *I),9CO DE (2s 86 s1I) vCO DE ( 3 S691)/ S 87.20009/
D DAT A CJDEt(1, 87*1)*CODEf29 8 7 1 ) tC ODE(3 s 8791)/ g. a8.ZOO9e/DATA CODE( Is C8,1) 1CODE ( 29 8S9I)*CODE(3i. 88.1)/ g. 859920099/
DATA CODE(1. 8991)*CODE(29 89*1)tCOD2(3% 8991)/ 9. 91.ZOO9A/
DATA CJDE(1, 90oI)#C0DE(29 9091)oCCDE(3, 9091)/ 6o 139Z0018/
DAT A COOEd. 91*1)*CODE(29 91.91 )sCODE( 3v 9191)/ St 939ZOO8?/
DATA C3DE(1. 92*2).CODE(2, 9291)tC0DE(3, 1921)/129 65Z0007/
DAT A C:)DE( Is 21),CODE( 2, 92I)9CQDE(39 921)/12. 69ZO031/
DATAk CODE419 2*2)9CODE(29 292)9COOE(3, 2s2)/ Z, 69Z0002/
DATA C3DE(It 392),CODE(29 3.2) oCODE(3# 3.2)/ 2. 49Z0003/
DATA CODE(1, 4.2)*CODE(2* As 2)9CODE(:!* 492)/ 2. 5.20002/
DATA C3DE( 19 5,2 ) CODE ( Z 5v2)qCOOE(3s 592)/ 39 2Z0002/
DAT A CODE (Ie 692).9CODE (29 6 2 ) *CODE (3, 692)/ 4. 7*Z0003/
DATA CODE(I. 7.2).CQDE(2, 7*2)vCODE(39 7*2)/ 49 eqZOOOZ/
D AT A CJOE(It 892 ),CODE( 29 8#2)*CODE(3* 892)/ 59 9*Z0003/
DATA CUDE(Iv 992)9CODE(2a 9*21.CODE(39 992)/ 6. 109Z0005/
DAT A CDDZE( to I0o2)pODE(2. I0v2)oCDDE(39 1092)/C.9 11.20004/
DATA CODEd.o I1.92 ) CODE(2. t 12 )o CODE(3s 11*2)/ 7. 129Z0004/IDATA COD E ( 1 1292),CODE (29 12*2)#CCDE(3* 12.2)/ 7. 139Z0005/
DAT A CODE( Is 13, 2)o CODC- (2, 13o.2) *CODE( 3, 13.2)17,v 14.20007/
DATA C0D (Is 14&2.),CODS(29 14*2)9COOE(39 1492)/ 89 159Z0004/
DATA C:D 0I, 159 2) 9COE 12, 15*2)oCODE(39 15v2)/ e. 16%20007/
DATA C3DE(1. 1692).CUDE(2, 16t2)sCO0E(39 1692)/ 99 17.20018/
DATA CDOE(U. 1792h*CODE(2* 17*2)*CODE(3* 18.21/10. I9,ZOC1B/
DATA, CODE(1.9 1 g2 ).CODE(Ze 17.2)*CCDE(3. 17.21/10. 18,2Z0017/

DAAC3DE(19 22.2),CDDE(2. 22,2)*CODE(3, 22,21/11.p 23.ZOOC/

DAT A C:)DE( 1* 203,2) sCODE (29 23.2)9CODE(3, 23.2)/il. 24,Z0037/
DATA CODE(1. 2192)tCODE(29 2Iv2).COOE(3* 21.2)/12. 252028/
DATA C30ECI. 2S.2)CCOE(29 2292)sC0CDEC39 22.2)/il, 26.Z0017/
DATA COD)E( 1, 23,2) *CODE:(29 23.2)oCODEC3. 26.21/11. 27,Z018/
DATA C30E(I, 27.2)t'ODE(29 27.2)*CODE(3, 27,2)/12, 25*ZOOCA/
DAT A CJDEC1 25s2),COOE(2* 2 5.2) 9CODE (3. 25.2)/12. 26*ZOOCB/
DATA CODE(i. 2Lv2)9CODE(29 2692)*CODE(39 26921/1lt2, 30ZOOC/
D ATA CODE( It.7 02 ) CZODE (2, 30,2hCCDE(3., 30.2)/12. 28#ZOUCA/
DATA CODE(1. 31,2).CODE(2. 31,2)tCODE(3, 28#21/129 2,ZO06/
DATA CODE(I. 22)*CODE(29 22)*CODE(3* 2.*2/12. 3GvZ0069/
DAT A CODE(I. 3092 ) tCODE( 2 1 3v2 ),CCDE (3 33092)11p 3ltZOUCA/
DATA CMDE~i. 3192)tCODE(2, 3192).CODE(3. 34,21/12, 3520Z068/
DATA C3DECI. 32s.2) 9CODE (29 352 2)9CO DE (3,9 3522/12 33,Z0069/
DATA CODECI. 3392)9CODE(Zs 36.2)tCODE(3. 33%2)/129 37,2003/
D AT A CODE(I. 347.2) ,C ODE ( 2, 34 v2 ).oC ODE (3. 37!, s2)11 2.2 38.20D4/
DATA CODE(19 38.2)*CODE(2. 3592)oCODEA3v 3592)/129 3tsZO005/
DATA 1CJDE(I. 37*2)*CtJDE(29 39.2) ,CODE(3, 39,21/12. 38*Z00D4/

DATA CODE(i. 40.21.CO0E(2* 40. 2)9 CDDE(39 4092)/12# 41 9Z0007/
DATA CODZECI. 41o2)9CODE(2s 41#2)*C0DE(3. 41,2)/129 42o2008C/
DATA CODE(1. 42,2)*CODE(2t 4292)iPCODE(39 42v2)/12* 43,ZO06D/

H S UNCLASSIFIED
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OAT% C3)tE( I 43P2 #CU E( 29 43 s2 s COE.. 43o 2)112* 44* ZO00&A/
OAT A C30E( It 44*. ).~(Z 44v2)%COO)E(3* 44o2)'12s 4S.ZOODB/
DATA CODE(to 4592)*CODi(29 45*2)%,00E(3o 45*2)YI29 46940054/
DATA C30E( It 4692) *CODE(2* 46tZk. jOLU3v 4692 &/12* 47*Z0055ef
DATA CDDOE(1, 47.2)%C3DE(2s 47t.2)CCDF( 3 47o2) oll~s *Z0056/
DATA CODE ( I .8*a)9CZOE(2o 4892 ) CC"-(39 489Z )/129 A9tZ0057/
DATA Qc~3(la 49*?).%L3DE(2* 49o2)9C0DEC3* 49t2)112o 509Z0064/
3 AT A COD E ( I 55,2)PCOOE(2* 50.2hoCOOE(3. 50o 2 ) 11. 519Z0065/
aATA C:.3 E I, 51.2)sCOOE(2. ~1 2 ) vC 0E ( 3 o 5 1.o2 )/4la. 52*ZO02/
D AT A C-:)DEC 1 5 22 ) *C JDE (2 * 52#2)tCCDC(3* 5292)/12# 53#Z0S3/
DATA C33S(lo 5392)*COJDE(2# 5392)*CCDE(39 53,2)/1?. 54,10024/
D AT A QOE( It 54* 2 ),COOE (29 54o2),CCOE(3* 54.2)/12o 55*Z0037/
OATA C3DE(1. 55*2)*CJDE(2* 5592)*CODE(3* 55*2)/12. 56.10038/D4T C3El I62*OE2 62*OE3 56o2)/12* 57@40027/

DATA CODE(to ?9.2)#CODE(29 59.2)sCtDE(3* 5792)/129 70.10033/
DATA C03EC1. 51.2)9CODE(2# 5892)*CCOEC39 712)112. 52.Z0035/

DATA ODE(s 392),COD'2(29 59e2)%CCDE(3o 73.2)112t 60s10059/
DATA CODE(I. 60*2)*CUOE(29 6092)oCODE(3s 60921/12v 61*Z002B/

DATAC3.E~? 6I2)*CODE(2o 65.2)*CCOE(3s 75.2)/12* 6ZO02C/
D AT A 7OE(t6.2)*CODE(29 6.2).CODE(3. 622)/12* 639ZOO4C/%
DATA C3)E(l. 77.2) .CODE(2. ?7.2)CCOE(3t 77.2)13. 64.ZOO4D/
DATA CD.3E(1. 6492)*COOE(29 78.2).CODE(3. 6492)129 66*Z07/
DATA C33E(to 59.2).CODE(2. 592)9CODE.39 6592)102. 0*Z003/
DAT A C3.)Et ( I 662).CODE(2. 66.2),C0DE(3. 60.2)13. 81.Z0C/
D AT A CODE(~~ 1 9672)*CODE(2* 67.2)*CODE(3. 67*2)13. 8.ZO07/
DATA C)DE(1. 682)9^COOE(2* 682)*CCO)E(3* 682)13. 83.1Z076/
DATA CODEtlo 63,2)sCOOE(2. 69.2)*COE(3. 63.2)/12o 80077/
DATA CODEd. I i 72).CODE(2. 84.2),CODE(3, 7092 )/129. 85.Z052/
D AT A C)DE(lo 85.2),CODE(2o 85.2)*CCDE(39 71o2)/129 86.105/
DATA CODEdi. 76.Z)*CO3DE(Ze 76.2)*CCDE(39 72o2)1392 7@Z05/
DATA CODEC 1 ?392 ).'ODE (29 8.2)sCCOE(3. 7.2)113.o 88.Z005/tDATA CODE(1. 74*2)vCU)DE(29 7B.2)*CODE(39 88.2)/i!. 59.ZOOSA/
DATA c3SE{1, ?5*2)9COiDE(29 59.2)*CODE(3* 7592)/129 79ZO04B/
DATA C)DE(1. 792),CODE(29 792)*CODE(3* 792)13. 79.104/
DATA CZIDEti. 9,2)*CODE(29 792).COOE(3# 91,2)/i!, 83,1065/
D DAT A 0 E.3 922)*C DE (2. s 78.*2) sCODDE (3. 9 7822/13% 72.ZOOI/
OAT'% ODE(o 91)CDE(2* 1).CoCEOD(31) 4.2/! 209Z0073
DATA C33ER11 0*)CODED(29 80*2COODE32) 4.2)1 8.Z Fl4
DATA C:D3E(1,3l )CODED(2,2).CODE*CUD(33) 89/139 8*Z*0/
DATA CDODE(1,4*)COED(2.4).CODED(34) 82.26/13 8347/
DAT A CQD&F( Io 35) CODED( 2* 83* 2) OD( 3 4 9*)1, 7.*Z Cl7
DATA C03ER(1.64*)CODE(29 6).CODRD(3f) 342 .I4 85.2C5/
DATA C30ER(1,75*)CODED( 5f2.7).OED(37) A.*)/3 1.2O0/
DATA CDDER(i 8*)COE(Zs 8.C)oDEDE3* 86)/ /2 8. 9.2 /
DATA CO))ER(1.97*)ODE(2* 8).CODERD(39 8. 2) 10, 88 7E5/

0 EAT OA CDDRCE 1oC U'RD PRGA L2NE 1PIINTED31) 4 Z 153DAACDRto)COED22,OED(9) 9BZ F
DAT C3DER ~l 3) COERD 293) sCODRD (3*31 / o 4Z 0

DATA CERl4sCED(94)CDR(,) UNCLASII/
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UN4CLAS11FIED
START OF OCEC JPRINT PROGRAM DSNAMEDo0031THREE?0.FCRT
C PROGRAM RE

REAL CF3,CF4,.ZRRAlT
C******* LABELED C04MON /G3281T/****

COMMON /G3281T/MASK(32).COMASK432),oLIBT(32),LZBIT(32)
INTEGER MASKC0M§SKvLIBIT#LZBIT

C
COMMQN/BUFF/PELBUF(60,2).CDSUF(240ooTeuF(60O,2),

* STF5UF(24O)o STAT(3000)
COMMONHUFF/CODE(392.2 ) CCDERD(3,9)
COW41ON/ZRAY/ERRORSt 2500)
C*************.**.* FILE DEFINITIONS **********

* COtA.ON/FLES/TERMLPFLPELFILOTFIL.ERFIL

C****************LABELLED COMA0N VARIABLES ***********
C

COMM4ON/IVAR/**ELM'AX.VRES.EPHASE.CMPMAX.ERRMOO,LIKMAX,K
C0O4MONI'PVAR/INLNN3,-OTLNNO.,OTELWW INELP*CDELP,OTELPCDELWo

* CDEL'TIN=LCT,TCDATA,TCDEL.E~RPNT,ERACFF,ERRLIM,
* -'-ERRCNTo INLNCTIICONSF-C,LNNOSF*KCNT*
* INCOD, INR&FOTCOD.OTREF.STF8ITVMMD

READ DIANOSTICSEACH -A#Y~LS*~TiZR*LFeHOsN

904 WR ITEC TERMs 101 ~ -. . . . . .-

1005 FOk~4ATfOSDAGNCS PINTUT? (Y OR DEFALT*) j0
READ( TERM* 110) pINSW9) N
IF (INSWoEQ*YY) GO TO 16
IF tlNSW*ENN) GO TO 120

11G4 WRTO( M 114 5)

116 COTNE11)IS

DI AG- TRUE.
C...... -------

C READ MAX IMUM NUMBER OF PELS PER LINE

120 CONTINUE
WRITE(TERM.130)

130 FORMAT(0'$ENTER 4AXIMUM NUMBER OF FELS PER LINE: 0)
READ (T ERM ip140, ERR~l 20) PELMAX

140 FORMAT(14)
--- IF (PEL MAX 9GEo 1 AND*PELMAX*LE 1728) 6O T0O160 -

WRITE(TERM9150) PELMAX
150 FORMAT(NONUMBER OUT OF RANGE (=lv16,0)9)

GO TO120 -

C
C RE~AD VERTICAL SAMPLING
C

160 CONTINUE
- _--WRITE (TERM# 170) ---- . -*---.-.-.-

170 FORMqAT(OSENTER VERTICAL SAMPLING: *
READ(TER4,180#ERR=160) VRES

180 FORMAT (12)-*. . . .

ZF(VRESeGE&1.ANDoVRESsLEo10) GO T0 190
WRITE(TERM9150) VRES___.. -

GO TO 160
C

-C--- READ -PARA4ETER -- *------.-----------. -----

C
190 CONTINUE

..- WRITE(TER4192) - - - -~ - . .

192 FORMAT(ISEtJTER PARAMETER K: *)
- .. READ(TE4.140,ERR=190) K ..

IF(K.aGE.1.ANO*K*LE930O0) GO TO 200 -

WRITE( TERM*150) K

C
C READ ERROR PATTERN PHASE

-. -- UNCLtSSIFIED
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200 CONTINUE
W RITE ( TER M 2 10)

210 FOR4AT (8 SSNTER ERRCR PATTERN PHASE: *
REA0(TER'4.220wERR=200) EP9IASE

44220 FU RAAT (I I
1F(E:PHASE.GE.0.AND.EPHASE.LEo3) GO TO 240
WR IfEC(TER Me I150) EPHASS
GO TO 200

C READ 'AINIMUM COMPRE3SED LINE LENGTH
C45240 CONTINUE

WR I T ( TER M, 250)
250 FO RNAT(0S EN TER MX'4IMU.4 COMPRESSED LIKE LENGTH: *

IF(CMPMAX.GE.0.ANiD.CMPMAXoLE.1728) GO TO 320
WRITE(TERI, 150) C4PMAX
GO TO 240

C
CREAD NUMBER OF SCAN LINES TO BE PROCESSED
320 CONTINUE

WRITE (TERM# 330)
330 F ORMAT 0 SNUMBER OF SCAN LINES TO BE PROCESSED=? -1) I

READ(TE14*1409ERR=320) LINMAX
IF(LINMAX.GEol.AtND.LINMAX.LE.3000) GO TO 280
WRITEC TERM, 150) LINMAX
GO TO 320

C R=EAa ERROR MODE

280 CO NT IN UE -- *-

WRITEC TERM290)
290 FORMAT(OSERROR MODE=? CM-MANUAL*T=TAPEvN=NO ERRORS)ll

READ(TER.1109ERR=280) ERRMCO
IF(ERRMOD*EQ*MM) GO TO 300
IF(ERRMOD.EQ*TT) GO TO 315-
IF(ERRMDDNE*NNI GO TO 280

C EDERRR LOCATISGDTK:

ERRLIM~1
305 REAZD(TERM9140) ERRORSCERRLIM) 30 -

IFCE RRORS (ERRLIMN)e*EQ .9999) GOT)1
ERR. IM=ERRL [MI-I
GO TO 30

310 CONTINUE
ERRLIM=E !RLIt4-1

GTO 350--------------------

CC.. - READ ERROR-TAPE FILE AND-OPEN .

ERRLIMI.RADEFL.38ED37 ROSERI)

316 R=AD(ERFIL*318vEN3=317j ERRORS(ERRLIM)
.31 FRt4AT (116)

ERRORS(: RRLIM4)=ERRORS(ERRLIM)+ERRCRS(ERRLIM-1)

ERRLIt4=ERRLIM+l
GO TO 316

317 ERRLIM=ERRLIM-1
C

350 CONTINUE-
C

360 CONTINUE
C WRITE INPUT PARAMETERS
C,

-- WRITE( LPFIL,400) PELMAXVRESKEPHASE.CMPMAX,*LINMAX -

400 FCJRMAT(I1INPUT PARAMETERS:'/
* - '4AXIMUM NUMBER OF PELS PER LINE=0916/
* 'O0VERTICAL SAMPLING: N',Tr4/--
* *OPARAMETER K '14/
* OERROR PATTERN PHASE =0914/
* *OMINIMLIM COMPRESSED LINE LENGTH =991499 BITSO/
* 'ONUMBER OF SCAN LINES TO BE PROCESSED =9916)

4 .... XF(ERRMOD.SaNN) WRITE(LPFIL9410? - --- -. .-

410 FORMAT 0ONO ERRORS INSERTED')
IF(ERRNIOD*EQ*AM) vVRITE(TERMv140) (ERRORS(M.).I1l oERRLIM)
IF(E-RRMO'.EQ*TT) WRITE(rERM,420) ERRLIM

J-2 UNCLASSIFIED K
j-
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420 FOqMAT(1129* cERRORS OBIAINED FRCt4 ERROR TAPE#)
z**************** EGIN PROGRAM *****************

C

C

TC DEL= 0
C TCOATA-O

!ER RPNT zi
ERRCN4T=O
INLNCT=O
ERROFF EPHASE*1024
COELCT 232
OTELP I
CD 5..P- 32+1
CONSECIl
INREFIl

OTREF~ I
OT CD Dx 2
KCNT=K
STFBIT=0

DO 800 1=1,240J
STFBUF (I) 30
CDBUF( I)0o

800 CONTINUE
DO 850 1=1.60
OTBUF( IsOTREF)=0
OT8uF( I*OTCOO)0 I
PEL8UF(I .INREF)0 .1
PELt3UF (Is INCOD )=

850 CONTIZNUE
SEARCH= eTkUS.
SYNC=*FALSE.o
WRITE=* ALSE*

C

SEARCH MODE: LOOK FOR EOLI BXT-SY-OITN,

C900 CONTINUE
CALL GETL.3C 139.MQO)=LBITSL)
Gil TO (9109930,935#920)*M3OE
STC"3 900 Z

910 cotrIuE
C
C EJL NrOr POUND; ADVANCE POINTER AND TRY AGAIN
C

CDELP-2CDELP+1
GO TO) 900

920 CONTTNUc
STOP 920

930 CONTINUE

C

SEARCl=*FALSE. .. . . .

CDa..P=CDELP +L
IF(WRITE) GO TO 935
WRITE= oTRUE&
GO TO 960

935 CONTINUE
C
C SET OUTPUT DECODE LINE TO 0 AND WRITE OUT

DO 950 1=1#60
OTSUF( IvOTCOD)=0

950 CONTINUE
WRITE(OTFIL) OTLN'4,PE':LM',4X,(OTBUF(rOTCOD),I=1,6O)
CT L IC=LN NOt~-

960 CONTINtIE
1FCMOD.=-2J965, 1000, 900

965 STOP 985
1000 CONTINUE .-

C P =RF 1R % . E NJ SD1MEN*l3A4L DECODE OF A COM'PLETE LINE
C FTRSTSZ-T OJTP-JT BUFFER TO WHITE

C JNLY 3LACK RUNS WILL BE INSERTED:

~110 I19,60
T9UF ( 1ID3TCOD)=0

ZOIJ ) N T IN UE
INOEX= 3
COLCJR 1

U NC L AS S I F I C.7
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OTELP= 1

1020 CONT INU-
CALL ON--)3 A NDEX* CDLORsSTATUSPL)

1 2 3 4 5
STOP 1000

C
C RUN A)OEC** CHECK -. ENGTH GF OUTPUT LINE
C
1030 CONTINUE

ONE= T1 ZJE .
IF(uTELP-1-PELMAX) 103191032,1050

IF(CNCUL)COLOR=MIOD(COLOR,2.2)*1

ID X 303210
GO TU 1020O)=

3010 CONTINUE
C

C NE PE IR O-14NINLDCD

CA(OLY LAC RUO(NSEWILLOF. ISETED.)

C -

C TUF I :C0)-
3030 CONTINUE

INDE Xu1

C

1020 CONTINUE

CALL GTLO3(1,NO0E9CL T * TS.L) *L

C
RUN TO) LOOK FOR NEXT5ODE............

C
C03 CECNFOINLL

1031 CONTINUE

C

* C OINE DETECTH=ED; AX CH CHNUMBER, FIL CONSECUTOV FRE

C

CALL GETLN(1,.14ODE*LBITS*L)

C
CC PRMTO' EOL. DETE1509150iMt

C

C
UNCLASSDELPED -

IF(LBIT~s~aj- GoT 13
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C EOLI DETECTED
C
1035 CONTINUE

CJ ELPS COFLP*L
STATUS=4
IF(OTELP.La5 CONSECxCONSEC+1

IF (CUNSEC-2 ) 108091 000s 2000
C EOL2 OETECTED

CJELP-CDELPL
STATUS=5

GO TO 1080

C PROBLEMS9PROBLEMS

105 STCP 1050

C L INE LENGTH CORRECT, EUL DETECTED PROPERt.Y; WRITE CUTPUT LINE

100CONTINUE
CO EL PuCDELP +L
OR ITEC OTP IL )OTLNNI3o PEL MAX9t OT8UF( I.OTCCD * Izi ,60 )
CT L.%JNOLNNO OF
CO NSEC I
IF(ONE) SYNC=.TRUE*

T. MP=OTREF

IF (NUDE*EO. 2) GO TO 1000 4

GO TO 3000
C

CC LINE TOO L0NG OR NO MATCH .
1070 CONTINUE

UR I TZ- *FALSE.
'C ..
C LINE SHOR~T
100CNIU

IF( *NO ToSYNC) GO TO 1090

SWAIT E LAS ODLIN

CWRITE(0TPI1 OTLN4N0,PELM4AX(OTBUF(iCiTREFI1,601
SYNC-.FAL SE.
GO TO 1110

1090 CONTINUE
C
C WRITE A WHITE LINE~
c4

00 1100 Isle 60
1100 OT8JF(I#OTCOD)u0

WRIT=(OTFIL) OTLN43.PELMAX,(OT2UF(I.OTCOD),I1160)
1110 CTL NO=LNNO3F

IF (STATUS.*Et24) GO TO 1000
SE ARCH=* TRUE*
GO TO 900

C
C END OF MESSAGEj

2000 CONTINUE
WRITE(LPFIL*2010) CONSEC

2OOFORK~ATC'0END OF MESSAGE CETECTED (991299 EOLOOS1'I
C REPORT C04PRESSION FACT3R9 ERROR SENSITIVITY FACTOR,BIT ERROR RATE {

C
ERRATE=FLOAT(ERRCNT )/FLOATCTCDE.)

*-**--.WRITE(LPFL,2020) TCDELTCDATA.STFBIT, INLNCTERRATE
2020 FORMAT(OOTOTAI. NU4BER OF CODED BITS = 0#8/

- * TOTAL NUMBER OF CODED DATA BITS z:OI8/
* 'OTOTAL NU4aER OF 2-DIM LINES z 918/
* OTOTAL NUMBER OF INPUT LINES PROCESSED 09'18/

- - * BIT ERROR RATE = OG14.6)

CALL STATS(STATiINLNCT901AG)
--- CF3xFLOAT(PELM4AX)*FLQ4T( INLNCT) /FLOAT( TCOEfL)

CF =FLOA T(PEL4AX) ItLOAT( INLNCT) /FLO~AT(TCOATA)
C

WRITFE(LPFIL92030) CF3*CF4 --

UNCLASSI FIED
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2033 FOR'4AT0 'ODPRESSION FACTOR FOR G3 MACHINE (CF3) '=49FS*4#
* 'OCOMPRESSION FACT(AR FOR G4 MACHINE (CF4) x',vF8o4)

C
CALL ERRMES(PE-.8UF.OTBUF.PELMAX.VRES.ERRCNT)
STCP

SJROUTI-14E GETL3(L8ITSsMOOEoWRDL.)
IMPLICIT INTE(;ERIA-Z)

COVMON /3 32 lT/14ASIC( 3 2 1 C OMASK ( 32) 9L 191T 3 2) oL Z 817(32)

COM4MON/SUFFj'PELBJF(6092).CDBUF(240),OTB3UF(60.2),
* STFBUeF(240)o STAT(3000)

COMON/IUFF/C:DE(.3992.2) 9CO:)EAD(3s9)
COMMCN/ERAY/ERRORS (2500 1
****O***********LABELLED COMMON VARIABLES ***********

CO,MON/I VAR/PSLMAX 9VRES #EPIASEsCMPMAXEZRRMOD9L INMAXK
COMM0 /3VAR/IN.N3DTLNNO.OTELW, INELP.CDELP.OTELPCDELW.

* COELCI. INELCTTCDArA.TCOEL.ERPPNTERROFFERRLIM9
* ERRCNYINLNCT.CONSEC.LNNCeF.(CNT9

0 INCODs INRIF.OCTC0D.OTREFSTFBIT.VMMD
COM4ON/ICHAR/DD.ZI ,MM*TT*NNgYYI
CO*4ON4/.OGIC/SEARCH.OZIAG.SYNC.LSS.WRITE.ZER0,LEFTCHCOLONE
LOGICAL SEARCH.DIAG.SYNC...%RITE.LEFT.CHCOL.ONE
C***** ****************BEGIN PROGRAM *************

C
MODE-4 - .- - - -.

C
C RETRIEVE NEXT BIT FROM CD8UF

STPANWLN FNEESR 0* -

100 CONTINUE

IF(CDELCT-COELP+1) 1709190*180
170 TOP170
10CONTINUE

10STFBUF(1)=148( STFBUFCDELP.CDELCT-CDELP'1)

CD EL Px 32- (CODEL CT-C DELP)
CALL ENCO03

200 CONTINUE . -- -*-.*-*-

WRDuI48( STW8UFvC3!LP9LBITS)
L=LSITS
IF(L*LT.131 GO TO 250
IF(WRO.EQ*CODER(36)) GO TO 300
IFCWRDoEO.CODERD(3a7)l GO TO 400 -.-

250 CONTINUE
MOEI

-RETURN -- *-.-* -------- *- *----- * -

300 CONTINUE
MODE=2
RETURN- -

400 CONTINUE
MODE<=3- -

RETURN
END0
SUBROUTI NE F-NCOD.3-- --- - --

C
IMPLICIT INTEGER(A-Z)

C
C******* LABELED C0'4M4N /G32B1T/****
C

* COMMON /G32BIT/MASK(32),COMASK(32).LIBIT(32).LZOxT(32)
INTEGER MASK* COMASK oLlBIT *LZBIT

COMON/UFF/PE..BJF(60.2),CD8UF(240) .OTBUF( 60.2).
* STFBUF(24019 STAT(3000)

COMMON/HUFF/CDE(392,2) .CODERD(399)-
COMMGN/ERAY /ERRORS (2500)
C******************FILE DEFINITICNS **********

COMMON/FILES/TERM. LPFIL, PEL.FIL.OTFIL, ERF IL

C

COMMON/IVAR/PELM4AKVRES, EPHASECMPMAX,=-RRMD LI NMAX.K

J-6' UNCLASSIFIED
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C014M ON /VAR/I.4LNN*OrLNNO*OTELWo IN ELPCDELPoOTELPCOELWv
* CL)ELCT,1NELCTTCOATATCOEt.,ERFPNTERRCFF.ERRLIM,
* ERRCNT. INLNCT.CCNSEC.LNNOB~.KCNT.
* IJCOD.INR.F.TCODOTREF.STFBIlTVMMD

CO44ON/ICHAR/,tIIsPM.vTT9NNvYY
COI'O.4N/LO001CISEARCH.OI1AG.SYNC.LSSwRITrE.ZER4O.LEFT.CHCOLONE
LOGICAL SEARCH9014G*SYNC* WRI ISLEFT&CHCOLt ONE

iL CI:1TL ZE VARIABLES

CO 50 1=2o240
CDt3UF( I)=o

50 CONTIIN UE

c READ INPUT PICTURE FILE

100 CONTINVE
READO(PELF IL oE140 120 .ERR=500)
* IfLNNOINELCTPELBUF(I.INCOD).1=1.60)
IF(MOD(INL'4NOv100)*EQ.OJ INRITE(TERM*110) INLNNO

110 FORMAT0 INPUT LINE NO* =0,16)
IFCMOD(INL4NO-1oVRES)oNEo0) GO TO 100
IF (1.AELCTeLT.PELM4AX) CALL EXIT
INLNCT=1 NLNCT41

C LOAD OJTPUT LINE NUMBER BUFFER
C

LNNO:3F=INLNN
IF (SEARCdi)JTLNNO=LNNOdF

C
IF(INLNNOoLE*LINMAX) GO TO 140

C OIRX(E SIX EOL10S
120 CONTINUE

DLI 130 1=106
CALL CODE3'$(6.0,0.0.0,$CDELCT,CDDATA) k

130 CONTINUE
0O 135 1=1.6
STFd3UF (I )=COt3UF( I)

135 CONTINUE
GO TO 345

140 CONTINUE
C -

C ONE-OI,4ENS1014AL CODING
C WRITE ONE EOLl
C

CALL CODE34(6.0.0.0.0. CDELCTCDDATA)
C

POLAR 1
C
C TEST COLOR OF FIRST ELEMENT - --

C

IF (148 (PELBUF(1.sINCOD) 91 91 ) *EO) GO TO 150IC FIRST ELEMENT BLACK; ENCODE 0-LENGTH WHITE RUN
C

CALL CODELN(0. 1.CZELCTvCDDATA)
POLAR=2

C
C CALCULATE RUN LENGTH AND ENCODE
C

150 CO NTIN UE
RUN= 0
00 200 1,1PELMAX
PEL= 14B( PELBUF(I1.INCOD ). 1,) +l
IF(PEL.EO.PQLAR) GO TO 180

-CALL CODELN(RUNP:-LAR.CDELCTCDOATA)
XF(*NOT.DIAG) GO TO 170
WITE( TERM9,160) RUNtPOLARoCDSLCTtCDDATA

160 FORI4AT(418)
170 CONTINUE

RUN1 ..

POLAR-- MOD (POLAP*2 9 2 + 1
GO TO 20 0

180 CONTINUE............*-
RUN=RUN+1

200 CONTINUE
CALL CODEL1N(RUN.POLA~.CDELCTCDDATA)

J 7  UNCLASSIFIED
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- ! IF(,NOTDIAG) GO TO 550
WRITE(TER4,160) RJN*POLAR*CDELCTCDDATA

550 CONTINUE

C FILL IF NECESSARY

FILL-C;Z. 4AX-(CDELCT-32)
IF(FILL) 559,559,555

555 CONTINUE
COELCT=CDLCT +FILL559 CONTINUE

CD ELW m (CDEL CT +32-1 )J2
;" DO 590 zI2CDELW

STFdUF (I )=CDBUF( I)
C 590 CONTINUE ......

C LINE FILLED; USE ONE-DIM
C

IF(FILL) 560.560,320
C-560 CONTINUE

C TEST NUMBER OF CONSECUTIVE TWO-DIM LINES

IF(KCNT-K) 580,320.570
570 STOP 570

C 580 CONTINUE

C SAVE ONE-DIM PARAMETERS ........... -

T EMP EL-CDEL CT V.
........-TEI4PCDSCDOATA.

C
C TWO-DIMENSIONAL CODING ""

600 CONTINUE
C -
C RE-INIITIALIZE PARAMETERS........-+ c
--....CDELCT-32

CDOATA=0
00 610 I2t240
CDBUF(I)=0 . .... .... ..... ..... . ..

C 610 CONTINUE

C WRITE ONE EOL2 -

C
-.. -CALL-'CODE3M(70.0,00CDELCT•CDATA) -

C
C SET AO TO LEFT EDGE-1 AND POLARITY=WHITE. C ... . ... .. . .. . . . .. . . .

AO-0
....... ~OL=O

VMM=O

C DETECT Al
C

620 CONTINUE .I= AO +I lIF{I GTePELMAX) GO TO 640-.. ...... . ...... ....

630 CONTINUE
PEL-I 4(PEL3UF(19INCOD )*Io1)

---- ....---..IF(PEL@NE*POL) GO TO 640 . ..............-. --..

1= 1+1
IF(I.LEPELAX) GO TO 630.

640 CONTINUE .... .m " ~A1 =I ''

C DETECT B1

C
.... I=A0+1---------.....---.----.------~-~ .. .-.

IF(I*GTPELMAX) GO TO 665
PELMN=I48(PELBUF(I .INREF).AO1)_
IF(LEFT) PELMI=O .. . .

650 CONTINUE
- - PEL=. 48 PELBUF(l1 INREF ) * 1-- --

IF(PEL*NE*PELMI) GO TO 670
660 CONTINUE
-- " PELM1=PEL ....... ... . . ...

1=1+1
65 IF(I.LE*PELMAX) GO TO 650

N65 CONTINUE. ... .I
-8UNCLASSIFIED L
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GO TO 730
670 CONT INUE

IF(PEL.NE.PCL) GO TO 690
GO TO~ 660

690 CONTINUE

C ADJUST LEFT EDGE IF NECESSARY
730 CONTINUE

IF(*.4OT*LEFT) POLARI148(PELBUF(1.INCCD).AO.1)+I
IF(*NOT.LEFT) GO TO 740
POLAR I
AO-In
LEFT s.FALSE.

740 CONTINUE
C
C TEST FOR PASS MODE: OPTION NOT WELL DEFINED-SKIP

c IF(B2eGEeAl) GO TO 750
C
C PASS 40DE COOING (CAN'T END A LINE IN PASS MODE;NEW AD MUST HAVE

c SAME POLARITY AS 82)

75 CALL CC00E34(l,0.0,0.09CDELCT.CDDATA)

c GO TO 620

C CALCULATE VERTICAL DISTANCE-
C

MAE!=IA8S( AI-BI)
IF(MAD-1) 84098509790

C 1
790 CONTINUE

C CODE BY HORIZONTAL '00E;FIRST DETECT A2

IFAloG*PLiX GO TO 810 -

c CALCULATE POLARITY OF Al

I - , PEL=1413(PELBUF(IINCOO),I.1)
IF(PE...NE*POL) GO TO S20

IF(ILEPEL4AX) GO TO 800I810 A2=PELMAX+l
GO TO 830

820 CONTINUE
A2=1

* -830 CONT1NUF - . . .- *

CALL CODE34(4.POLARAOAIA2,COELCTCOOATA)
AO=A2
GO TO 960

C

840 CALL CO3E3M(lv09090v09COELCT9CDDATA)-
GO TO 950

850 IF(AI-01) 870.860.880
C

860 STCP 860
870 CO0N FI N UE

IF (V:M) 8671.9872s.873
871 STOP 871
-72CALL COOEF3'4(3,O.O,O0CDELCTCDDATA)

VM M I
GO TJ. 950

873 CALL CODE34(20,00,CDELCTtCDDATA)
VMM I
GO TO 950

880 CONTINUE
C IF(VNIM) 881,882,883

881 STOP 881. ...

882 CALL CO:)E-3M4C2.0.0.0.0.CDELCT,CDDATA)
VA4 M= 0

J9 UNCLASSIFIED
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GO TO 950
883 CALL COD)E3k4C3.0,0.0,0,CDELCT.CDDATA)

210 CONTIONLUETO21

C TETFREDO LINE NT

250 CONTINUE
CFAeLCT*CDELT4F ILL O21

200 CONTINUE

C CHECK CED LINE L.2 EDL GTH

IF(TEPLL .OLT 40O TO0310
C
C 2-0 IE O SHORT ; IL TTRCPA

CDELW CTCDELCT43- )F/32
300 CONTINUE

IO TO-:PLL*DLT 340O31

C
C 1-D SHORTER

C CDELCTEIELT3-)3
C0D300=TEMPCDE -.. ...-

320 CONTINUE

310 CONTINUE
C
C. SAVE LHONERLNTCA ST NY
C

STATIl4.NCTCDOAACDR(,
C2 CONINUE &RFRNC IE

C

340 CONTINUE
C

C AV CCLNE STAGTISTSAN ERRSORCORUP

SSI(ERR:DUE.N GO TOERNC 390E

C ERR CORRJ

345 CONTINUE
ERRBUULI=ERRTATSTICRS ANDERROR-CORRUL

-IF(ERR8IT.E.0N) GO TO 30

C
c ERROR CNORANEUCEPIE;CAGETPOXT I
C

ERBIT=ERROSTSF.RRPNTI-ERROl) . -L

CALL M12B(BIToSTFBUFERRBIT+3291)
ERRCNT=ERRCNT+1 --- - -- .

C
C INCREMENT ERROR LIST POINTER
C

J-1 0 UNCLASSIFIED I$.*
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360 CONTINQ%"
Ei;PT=;RRPNT41
IF(, RRP'IToLE*ERRL'IM) GO TC 350

C
CERROR LIST EXHAUSTED

30ERRPIT'C;-RRPNT-1

ERRiAOD-Ntq

'; COMPUTc STATISTICS
C

390 CONI(NUE
TCOEL=TC3)EL +CD-LCT-32
TC DATA TC JATA 4CDOATA
IFC I*AG) WRITE(TER4q,160) INLNCTt CDDATA

IF (oNOT&DIAG) GO TO 460
COEL&WZ (CD)ELCT+3.-I)/32
WR IT-E( LPFILA5O) (CDBUr(IJ9I 11 C0ELW)
WRITr_(L'*FILs4501 (STFBUF(1)91=lCDELw)

4:50 FORMAT (6Z12)
460 CONTINUE

RETURN

50O0 CONTINUE
CALL EXIT

C

SU3RGUTINE CODE34(MODEPOLAR.ABCCDELCT.CDDATAI
IMPLICIT I.NTEGER(%--Z)
COMAON / VFF/ PELJ F (6, 2 ) CB UF ( 2 40OTBUF 6 0 92 J

* STFBUF(240)o STAT(3000)

CO4MQiN/NUFF/CZODE(3.92.2),CQDERD(399)1. COMAGN/lZRAY/EiRAORS (2500)
C.4

C*4*****.******** EGIN PRGGRAM ************#*
C

GO TO (100910O,.;0092009100,8O00800) #MCDE
C

C MODE I a 3 4 5 6 7
C.*

STOP 129
C PASS MO)E(5) VERT I CL MODE: Ai81-O(1), A181-1(2*3)

C
100 CONTINUE

CALL MI23(CODERD(3,MODE).CDE3UFCDELCT+I.CCDERD(1,MODE))
CDELCT=ZDELCT+CODERD(1 sMOOE)
CDDATA=C:)0ATA+C0DERD( 1 MODE)
RE TURN

C2C J

CDELCT=CDELCT-CODERD(l1 MODE)
CODATA=CDOATA*CQOERD(I ,MCOE)
CALL CODE-LN(8-A.P.2LAR.CDELCTCDDATA)
N~iPOL=I4O3(POLAR-2#Z.'+1
CALL CODELN(C-BNEWPOLCDELCTCOOATA)
RE TURN

C
C ADD EOLl OR EOL2 TO LINE (6*7)
C
300 CONTINUE

CALL. M123(COOERD(3sMODE).CDB)UF.COELCT+tCOO)ERD(1.MODE))
CDELCT=C3)EL CT*CODE-zD( 1 9 MODE)
RETURN -

END
SUBROUT'4c ONED3(INOEX,CCLOR,STATUS#L)
14PLICIT INTEGER(A-Z)

C**rs**** LABELEi) COMMON /G32B1T/****
C

COMMON /G32EIjT/qASK( 32),COM'ASK(32),Llt~IT(32),LzFIIT(32)
INTEGER MASKoCCMASK*LIB1T#LZSIT

COMMON/3UFF/PEL3JF(6092),CD3UF(240).OTBUF(60,2).
* STF-30F(24)). STAT(.3000)

COMMON/HUFF/COE(3922).CODERD(3,9)

~ UNCLASSIFIED
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CO 44/RAY /ERRIORS(2500)
C.**..*.**..*******FILE DEFINITIONS **********

CO.4MON/FIL.ES/TE-RM, LPFILPELF ILOIF IL ,RFIL

c

CONMON/IVAiRUPEL4AXVRES.EPHASE,CMPMAX.ERPMODLINMAXK
C:) MON /,'VAR /IN..NN:) ZTLNN s OTELW *INELPo CDEL P*OTELP, COEL W

* CDELCT, 1NELCT.TCOATA.TCDEL,'zRRPNTERROFFERRLIM,
* ERRCNT.INLNCTCONSECLNNCBF.KCNT,

INCOD. INREF.OTCD.OTRFF.STFBXTVMMD
CO.'4M0 i/ICHAR/DD.1 I MMTT,NNYY
COMMON/LOSI C/SEARCH.OIAG.SY.NCLSSWRITEZEROLEF1.CHCOL ,ONE
LOGICAL SEARCHDIAG.SYNCWRITELEFTCHCJL.ONE

C
UCBGIN DECOaE LOOP; RETRIZVE NEXT CODE WORD LENGTH (L)

1003 FO RMA T(24 6 9Z8 *16)
GO TO (134091200,.1205*1190)o MODE
STOP 1040

1040 CONTINUE
IF(LUITS.EO.COOS-(3,INDEX.COLOR)) GO TO 1100

C
C NO MATCH; ADVANCE CODE WORD INDEX 1/IA DECODE THREAD

INLOEX=COaE( 291NDEX #COLOR) -. . . .

IF(INOE%*GE#93) GD TO 1196
I~(CDEC.XNEX.OLO).E.LE8X)GO TC 1040

C
C NODE ANR EONGR RM H
C

CO TOD 1002 FO TE a
-C MTST FOUNDK PO ERIAIGCD- -- ----

C

I(UE'LT0 STP1100 CNIU

C

C

00 1150 11.RUNLE

IF(OTNEP-.GT.PELMAX GO O To110160 -.

IFCLE~lGO TO 11

C -ADD BLACK RUN TO OUTPUT BUFFER (YDFUT
C

OT EL P-OTELP +RUIE
IF(OTELP-1.GT*PELMAX) GO TO 1180-------------

C
C OUTPU HINE LRSS TA OU EQUALE TOY DASECULED

-C.
1160 CONTINUE

XF(INELXL*T*PEMAX.G TO TO117

C
C RNADT OUTPUT .INE;LNT LESS THAN OR EQUAL TO E~AX SPCIIE
C
1170 COtNTINUS---

'-C.
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C RUN A3).)ED UNTIL PEL14AX EXCEEDED; LINE TOO LONG (2)
C
118~3 CONTINUE

IF(DIAG) wRITE(TE:Z4,1185) (OTSUF(I*OTCOD)t II,60)
1185 FORMIAT(67.1)

STATUS=2
Re~TURN

C
c NO 4ATCH FOUND IN CODE TABLE (3)
c
1190 CONTINUE

STAT US=3

RETURN
C

1200 CONTINUE
STAT US=5
RE-TURN

C E PL DETCTE (5)GR(-

C

1AS05OMSCONTINTUEBI
STTAUF24TUSTT(=50

C*******OU******* FW0(IDX*.EDEFINITAONS*
C AP COCM3NTlLETERMPFLPEFL,1FLERJ

C

C01
COMMON/I VAR/PELNAX .VRES.EPHSECNPMAX.ERMODLINP4AX.

CO*43N/iCHAY/RDDISt(.TTN
C~I. CONTINITIONS..

CO'MON/FLEI/SERCH.DFIAGSYNC LSS.WIEZRF LF.CCL.
LOGICALABLLE SERHDAYCOMMONEVFARCACLE

1002 LEN/TAC3DED(1,INDE)PAEC4M~sRMDLNA
COFMO1AG) AR/ITE(TED*OM.1 OQ3LI~OEL!T.LTEvCLv

GOTO(14,10005.119FCT0, MOEF*TS~VM
SOP 040CA/DolMeT*N

- 1040 ONNUE......................................-.....sON

C BEOI DATCODVAC COP;RTRE ND EX VA DEODENTHEAD
C

100 LNDEX=CO)ERD(2.1NDE) -

IF(DINDAG w) GO TO M10 LNTOr#BS.

FCDED1NDXEQLNZ)GO TO 104920405910%,MD

C04 COEWODLOIR;NOUE~ O
I(tliE.OE (3IDX)GO TO 1100-

-. NO MACHNCLACSSIFWRIEDE IADEO HRA

C

C.
c COD WOR LONER; FOMJ-. TO
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C iAOO0TELP
IF (OTELP.aEQ*1) ADO0
P0 L=CO0L R -1

C
C CETECT 81

~1 I AO 41
IF(I.GT*2EL4AX) GJ TO 65
PELM 1=0
IF(A~oEO0) GO TO 50
PELMI: 148(OTBUF( 1,OTRE-F) .AO91)

50 CONTINUE
PELI 4eCDTBUF( I OTREF) .1 ,1)
IF(PEL.NEsPELMl) GO TO 70

60 CONTINUE
PE-LM 1 PE..

IFCX.LE*PELMAX) GO TO 50
65 CO NT IN JE

GO TO 92
10 CONTINUE

IF(PEL*N;-.POL) GO TO 90
GO TO 60

90 CONTINUE
81=1

92 CONTINUE
GO TO (3009400,600#200100)INDEX
STOP 100

C

100 CONTINUE
RUNL.EN=3 2-OTELP
CHCOL= oFALSEo

- GO -6TO (115591145) COLOR - --

C
C HORIZONTAL MODE

200 CONTINUE
ENTRY3
CALL ONEZD3( ENTRY.COLOR .STATEqL)
GO TO (21 0.118091190#1200.1205)gSTATE

-210 CONTINUE
COLOR=-MOD(COLOR+2. 2 [4
ENTRY=3
CALL ONED3(ENTRY9COLDRSTATE9L)
GO TO (220.1180.1190.1 200.1205).STATF-

-220 CONTINUE.. -.. . . . . .

CHCOL= .TRUEo
GO TO 1160

C VERTICAL MODE AI8I=O
C

300 CONTINUE r
RUN..EN-Bl -OTELP

--. CHCCL=oTRUE4*
GO TO (115591145)9COLOR

C
-C -VERTICAL MODE CORRELATED (VMC)
C
400 CONTINUE

IF (V ANO) 410.420,430
410 STOP 410

a420 CONTINUE -

RUNLENIBI -UTELP+1

GO TO440 ------------ *-

430 CONTINU=
RU NL EN=5 1 -0OTEL P- 1
VMMD1 - .

440 CONTINUE
CHCOL=*TFUE*
GO TO (I115591145,jCOLOR

C
C VERTICAL 14ODE UNCORRELATED (VMU) -*

C
600 CONTINUE

IF(V4MD) 610.620,630

UNCLASSIFIED *A



UNCLASSIF I ED

610 STOP 610
620 CO NT IN UE

RUNLEN=81 -OTELP-1
VPAMD=l
GO TO 640

630 CONTINUE
RUNLEN-Sl -0 TELPO-1
VMMD=O

640 CONTINUE
CHCDL=*TRUS*
GO TO (115591145)9 COLOR

c
c ADO eLACK RUN TO MUTPUT BUFFER

1145 CONTINUE
IF(RUNLEN) 11909116091147

1147 CONT14UE
00 1150 1 =1 9 RQNLEN
CALL M12c3(COLOR-liCTBUF(ItOTCOD)*GTF-LP91)
CT=-LP--OTELP+l
IF(OTELP-l*GToPELMAX) GO TO 1180

L150 CONT14UE
GO TO 1160

C
C AOD WHITE RUN TO OUTPUT BUFFER (BY DEFAULT)
c
IISS CONTINUE

IFIRVNLEN*LToO) GO TO 1190
OTELP=OTELP+RUNLEN
lF(OTELR-l*GT*PEL-4AX) GO TO 1180

C
C RUN AJOED TO OUTPUT -INE; LENGTH LESS THAN CR EQUAL TO PELMAX (1)
c
1160 CONTINUE

STATUS=l
RETURN

c
c RUN A&)DED JNTIL PELMAX EXCEEDED; LINE TOO LONG (2)
1C
1180 CONTINUE

IF(DIAG) OIRITE(TER491185) tOT8UF(I*OTCOD)*I=1*60)
a 18-5 ru ttmj% a x or. a 0)

STATUS=2
RETURN

c NO MATCH FQVNO IN CODE TABLE (3)
C.
1190 CONTINUE

STATUS=3
RETURN Aj

C.
c EOLL DETECTED (4)
c
1200 CONTINUE

STATUS=4
RETURN

C
_ EOL2 DETECTED 5)
c
1205 CONTINUE

STATUS=5
RETURN
E N 0
BLOCK DATA

IMPLIC IT INTEGER(A-Z)
FILE DEFINITIONS

c
COMMON/FILES/TERMPLPFILOPtLFILoOTFIL*ERFIL

C04MON/BUFF/PELBUF(6Ov2)*CDBUF(240)*GTSUF(60*2)*
STFBUF(240)9 STAT(3000)

COMMON/HUFF/CODE(3992*2) oCODERD(399)
COMMON /=-RAY/ERRORS (2500 )

L48ELLED COMMON VARIABLES
c

COMMONilVA /PEitAX*V ES#EPHAS59CMPMAXi-ERRMODi-LINMAXtK
COr4MON/:.3VAct/IN-Ni%43#DTLNNO90TELW*INELP*CDELP90TELPYCOELW#

CDELCTv INELCT 9TCDATAipTCDELpERRPNT9 ERROFFvERRLIMq
ERR(:NT#INLNCTiPCONSECiCNECKToLNNOBF#WRCBUFtLPACK9
INCOD*INREF#OTCCD#DTPEF*TSTFST

COMMON/ICHAR/OO9II9MM9TT9NN*YY

UNCLASSIFIED -aJ-15



UNCLASSIFIED

C3'MGN/.OG I C/S EAR CH9 I A Go SYNC PLSS. WR I TEs ZERO *LEFT vCHCOL# ONE

LI)GICAL b EARCHs JIAG9 SYNC 9LSS 9wR1TF9 Z-2ROtLEFT9 CHCUL 90NE
DATA TERMLPFIL,PfTLFIL.OTFILERFTL/5,6.1 .2.31
DATA D~o.I I.44TT,NNYY/*D' .' M ,'T'0t4.'*Y'/
DATA P- ARSc:HS*MMXEROIMX12,-099T900
DATA K712/
DATA Dt1A3/*FALSEe/

DATA CODE(Is lol)oCODFE(29 lsl),COOE(3* 1913/ 89 7040O035/
DATA C3F( 1 o 291 )oCCDE(29 2&1),CCOE(3# 2,1)/ de 90#ZOOC7/
DATA COOE(19 3sI)9CO0E(2v. 31)oCODE(3v, 3911/ 4. 4.Z0007/
DATA CO:E(1. 4.1)oCODE(2. 4o1)oCQO6(3q 4.13/ 49 5,ZOOS/
DATA C:)Z6( 1.9 Sol)*CODE(29 59I)vC0DE(:3. 5911/ 49 69Z00083/
D AT A O.DE(1. 691)tCODE(2. 691 )tCODE(3o 691)/ 4. 7.ZOOOC/
DATA C33E(1. 7.1),CODE(29 791)*CO)DE(39 791)/ 49 SZOOOE/
DATA COOE(1. 891)oCGDE(29 891)oCODE(3o 891)/ 4. 99ZOOOF/
DATA C3OE(1. gs1)oCL3DE(29 9o1)qCODE(39 9.1)/ So 109Z0023/
DATA CODE(1. I39.1.COOE(2v 10s I)*CODE( 39 1091)/ 5. 11.Z0014/
DATA C30E(1. 11 *1 ) CODE(2o l1.1)9C0DE(3o 11.1)/ S. 12#ZOQO7/
OAT A C03E(1. 12o I)oCODE(2* 12913.CODE(3* 1291)/ 59 659Z0008/
DATA COOE(1. 1391)*CODE(2i. 1391).COUE(3o 1391)/ 69 14vZ0 38/
DATA CODE( I 1491 )9COOE(29 149,1) CQDE (39 1491)/ 69 15.Z0u03/
DATA CODE(19 15.1 )PCODE(29 159 1 )tCODE(39 1591)/ to 16.20034/
DATA CODE(I. 1691)*CODE(Ze 16,1).COOE(3. 1691)/ 6. 17*Z0035/
DATA CODE(1, 17.1),COC'E(29 1791)*CCDE(3. 17,1)/ f. 189ZOO2A/
DATA C3E(1. 1891)*CODE(2. 18.13.CODE(3, 18.1)/ 6. 199Z0028/
DATA C)DEC(1* 19*1 )9CDDE(2s 191).CCOE(3s 19o1)/ 7. 20.Z0027/
DATA CUDEd.o 20.1).CUDE(2. 20.1).CODE(3. 20,1)/ 7. 21*ZOOCCI
DATA C3DEf.1. 2191).CODE(Z. 21e1)sCODE(3. 21*1)/v. Z2*Z0008/

-DATA CODE(1. 22sL).9CDE( 2. 22.1).COOE(39 22.13/ 7, 23.Z0017/
DATA C33E(1. 23*1l.CODE(29 23,1)*CODE(39 2391)/ 7, 24,20003/
DAT A CO)ECLIt 2491)*CDDE(2. 24913.CODE(39 2491)/ 7. 259Z0t)04/
DATA CDDE(1. 25.1)vCODE(2. 2591 )*C0DE(3* 25,1)1 79 26*20028/
DATA CDOE(1. 26s1)9.CODE(2. 26*1).CODE(3* 2691)/ 7. 27#Z0028/
DATA C3OEC1. 27.1).CODE(2v 27s 1 )*CODE(C3s 27.1)/ 7. 28.Z0013/
DATA C33E(1. 28 *1 *CODE ( 2 28.1).COOE(3. 28*1)/ 7s, 29.20024/
DAT A CODF(19 299.1)#CODE( 29 29.1)oCOOEC3* 29vl)/ 79 68,20018/
DATA C3DE(1. 30 ol)#CODE (2.9 3091 ).CDE(39 30,1)/ He 319Z0002/
D ATA CO DECIt 31.13.CODE(2s 31o1)oCCOE(39 31913/8L. 32,Z00031
DATA CODE(1l. 32.1)vCOD0E(2. 32.3 ).CODE(39 3291)/ So 33oZOOIA/
DATA C3.)E(1. 3391).ODE(29 33.1 ).CODE(39 :;391)/ 8. 34*ZOOIB/
D AT A CODE(1. 34.1 ).CODE(2* 349.13.CQDE(3* 34#1)/18. 35*Z0012/
DATA C3JE(I. 35.1)*CODE(Z. 35o1)sCOlDE(3s 2591)/ 89 36sZ0013/
DAT A C:) 0E( 1 3bo 1 ) CODE (2 9 36.1)*CDDE(3* 3691)/1f!. 37.200141
D AT A C0D2(1 37.91 ) 9CODE (2 9 37*1)#CODE(39 37.1)/ Be 38,20O015/
DAT4 C3 EC Is 3891 ) *'ODE (2#- 38 91 ) CODE (3s 38,1)/ Be 39sZ0016/
DATA C3DE(1. 39.1)vCCDC(2. 3991)9CODE(3s 3991)/ 8. 40.20017/
DATA COOE(1. 4091)*CODE(2. 4091).COEC3. 40.13/ 89 41.20028/
0DAT A CODE(19 41.1)oCODE(2., 41o1)oCODE(39 41o13/8So 429Z0029/ -

DATA CODE(lo 4291).CODL(2e 421)#CODE(3,p 42.13/8,o 431Z002A/
DATA C3DE(1. 43*11.CDDE(2. 43*1).CCDEC3* 43*1)/ So 44.Z0028/
DATA CODE(1. 44*1)oCDDE(2* 4491)*COD0E(3, 4491)/ Sip 45,ZO02C/
DATA CJDE(I. 4591)9CODEC29 45,1)9CODE(3s 4591)/ 8. 469ZOO2D/

-DATA C3 DE(1 s 4691 J 9CGOE(2. -46v 1 1 CODE (3,..-46,1 )/ 8v- 479ZOOO4I
DATA C3DE(1, 4791).CODE(29 4791).COOE(39 4791)/ So 48,20005/
D AT A C3DE(1. 48#1 ).CODE(29 48.1).CODE(3* 4891)/1So 499ZOOOAI
DATA CODEd.s 49,1)oCODE(2. 4991)*CCDE(3# 49#1)/ So 50.20008/
D ATAi C30E(1. 50 s1I) *CODE (2 9 50#1)tCCDE(3* 50913/8IS. 5120052/ *
DATA CODECI. 51*1)gCODE(2. S1*1)9CODEC39 5191)/ 89 529ZO053/
DATA CODE(1,. 52.1) ,CODE(2, 529l)*CODE(39 5291)1 8. 539Z0054/
DATA COOE(1. 5391)oCODE(2. 5391)*CODE(39 5391)/1So 54.20055/
D ATA C3DE(le 549IhoCODE(2v 54,Ih)CODE(3, 5491)/ 8, 55920024/
DATA C.)DE(1. 5591)*CODE(29 5591)*CCDE(39 5591)/ So 56,Z0025/I
DATA CODE(I. 5691)*CODE(2* 5691)oCODE(39 56.1)/ B. 579Z0058/
DATA C3:E(1. 57*1)9CODE(Z. 5791)*COCE(3* 5791)/ 8. 58oZ0059/
DATA CODE (Io 58*1j.CODE(2. 58*1)oCDDE(3* 5891)/ es S992005A/
DATA C3DE(I9 59,13.CODE(2t 5991)oCQDE(39 5991)/ So 60oZ0058/I
DATA C3D.( It 60o1)#CODE(2. 60913,CODE(3o 60913/ 8, 61,ZO04A/
DATA CODE( 1. 61.1)tCODE(29 61sL)9CODE~(3o 6191)/ S- 62#ZOO4O/
DATA CODECI. 62o1)9CODE(29 62t1),CODE(39-62.1)/ 8. 63-%Z0032/
DATA CODECI. b3*1).CODE(2. 63.1)*CODE(3* 6391)/ 8. 64.Z0033/

r DATA C3DECI. 6491)tCODE(2. 649l)9CODEC3s 64*1)/ 8. 699Z0034/ifDATA CODE~i. 65913.CODE(29 6591)oCODE(39 6591)/ So 66.20018/
DATA CODE(1. bbtl)*CODE(29 65,13.COOE(39 66*1)/ 5. 67.20012/
DATA O)DEC It 6791)J.9ODE('. 6T.1)9CCDE(39 67.*13C. ti 29Z0017/
DATA CODE(d, 68 *I) 9CODE (2eo 6891)9CODEt3, 6891)/ 7s 30.20037/
DATA C3)DE(I, 6991)PCODE(29 6991).CODE(3. 6991)1 8. I.20036/
DATA CODECI., 7091 3,CCOE(29 70 # I) 9CODE (39 7091)/1e. 71*40037/
DATA C3DE(1. 71v1)oCODE(29 71.1)*CLDDE(3. 71,1)/ 9. 729Z0064/
D AT A COOEC It 72. 1 ).ipCODE29 72.13.CODE(3* 72*1 e . 73%20065/
DATA 03DECI. 73o1)sC0DE(2v 73913.CCDE(39 7391)18So 74,200681

UNCLASSIFIED
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DATA COD~l1, 7491)vC30EI2, 7491lo.CODE(3, 74#1)/ Be 75,Z0067/
DATA C:)DE(1.s 75*1h*C)D(2s 75#l)*COD)E(3@ 75.1)1 9, 76tZQOCC/
DATA CODEti, 76#%)@C.3DE(2, 7691)CDE(J, 1691)/ go 779ZOOCD/
DATA COD(19 77,1 )oCCDE(2* 77*1)oCODE(3. 7791)/ S, 78.Z0002/
DATA CO.lz-( I i 78 o I)tODE(2* 78 *I ) oCODE (3 s 781)/ 9. 79*ZO003/
D AT A C:)D E( 1 79*1 ),CtJDEU29 7991)*CODE(39 7891)/ g 8 79 ZOOD34/

DAACaDE(1, 80.1)tCODE129 8'4.1)#CCDE(39 801)19go 81oZ00V5/
D)ATA CDDZE(1. 85.l)oC30EC2, 851JCCJDE(3i, 81,1)/ 9. 829ZOODA/
AT.A CO3E ( Is 826.1) *CODE-(2, 82v1)9CODE(3* 86.1)/ 9, 87,ZOOD7/
DATA CODE(1. 87,1)#COOE(2, 83*l),CDE(3* 83,1)/ So 88..00981
D AT A C:) D( 1* 84,1 )vCODE(2s 88,1)*CCDE(3, 6891)/ 9# 85#Z0091
DATA CflE(19 6591 ),cGE(2. 89,1)sCQDE(39 8591)/S 91.6Z0OA/
DATiA CODE(1. 80,1)%CODE(2. 90.1)vCODE(39 80,1)/ 9. 879Z0008/
DATA CODE(l. 891)*CODE(29 89,)oCODE(39 091)/ So 82,ZOQ9B/
DATA CODE(It c92l,1)CODE(2, 92.1)9CODE(3o 92.1)11go 69Z0099/
0DAT A CO DEC It 891 qC0DE(2s 9 12) COO-( 3s 8992)/ So 65,Z009A/
D~ATA CODE(1. 901)sCOOEi2# 90#1)*CDDE(39 9091)/ 69 6.9ZOC2/
DATA CJD ( 1,19 3.),CODE( 29 911)*CODE(3t 3,2l)/ 2, 99Z003/
DATA CODE( I 9 4.1) 9CODE (2o 92 IvCODE(39 421 2.I!s 5,ZOOOZ/
DATA CO.DE( Is 12)*CODE(2* 1#2hsCODE(3o 5,2)/10 6592Z003/
DlAT A C: 0;: 1 o 22)*CODE(2@ 2*2)*CODE(3,. 2,2)/ Z, o7,ZOCo3/
DATA COJDE(1 9 3,2 ) CODE (29 7,2)*CODE(Z 7,o2)/ 24o 4*Z003/
DATA C)E It 42) oC ODE ( 2 8,21oCODEf3t 4#2)/ 5. 9.ZOOOD/
DATA C3OEC1, S9.Z)9CODE(2v 5o2)*COOE(3, 592)/ 29 1,Z005/
DATA CJIDE(1, 10,2)@CDDE(2. l0,21.CGDE(3v 69.2)/69 1,Z004/
D AT A CODDE( I ? 12 ) 9CODE (29 7#.2) sCDDE(3, 112)17 49 ZOOa2/IDATA CODEto 122).C0DE(29 122)*CODE(39 12,2)/ 7, 134005/DATA CODEC1, 9 32 ) 9CODE(2 'o 92)*COOE(39 13,23/ 6* 10,ZOO05f
DATA CODE(lt i4,2)9CZ'DE(29 14.2)oCODE(3s 14,2)/8 69 5,Z0004/
D AT A C)DE( It 11v2)*C0DE(2v 1192)oCODE(39 1522/ 8, 129400'/
DATA COD(Im lb,2)9CODEI2p Ib2)oCUDE(3v 1292)/S 17400181OS
DATA CODEC1, 13,21*COE(2o 1392)%CODE(39 1392)110v 140017/
DAT A C3D:E( 19 14t 2)v .OE42s 1492)PCODE(3t 1492)/180v 159Z0004/
DATA COLD)(). 15,2).C0DE(2v 1592).COOE(3t 15*2)11So 16*Z0008/
DATA CODE(lo 20.2) .CODE(2v 20.2)9CODE(3* 20,2)11, 18Z0017/
DATA C30DS(1. 182)oCODk(29 12)vC0DE(3* 18o2)/li 19PZ0018/
DATA CO)DEjI. 1992)oCOOE(29 22.2)vCODE(3o 29v2)109, 23,ZOOC/
DATA COD(19 23,2)oCODE(2* 23.2)oCCDE(3v 2092)1119 21tZ0037/
0DAT A CO DV I 2192 )*CODE( , 2192)oCODE(3o 2192)/111. 22vZ0068/

DATA CDDE~lo 25.2) .C3DE(2. 23s2)sCD(3o 23.2)/li. 24017/
DATA CODE(1, 24*2 )*CODE( 2v 26.2)*COf)Et3 24#2)/119 27,20018/
DATA CDDZEC1. 25PZ)&CDDE(2s. 27.2)sCOE(3 25#2)/I2. 28,ZOOCA/
DATA CODS(1, 2692)oCODEC2. 26t2)%CODE(3v 2'3.2)/12, 27940C8/
DATA CJ)DE(19 2792)#^CODE(2, 2?1.23,CO0E( 279 2)U/129 28,ZOOCA/
DATA CO- E( It 329)9CDDE.2. ZD2)vC0DE(3i 23.2)/12v 31,ZOOCD/
DATA CDOE(lo 29o2).CQDE(29 Z9#23vCQDE(3v 2992)/12o 30.200C8/
DATA CD)DE(l, 302)tCODE(2* 323,CODE(39 302)/129 33.20069/
DATA CDjDE(lp 313p2 ) oC-3 2 v 31 2 ) *CO DE (3 9 32)/12# 34,Z006A/
DATA CODE(tv 3292)%CODE(29 342P,-CODE(3, 3422/12c 33*Z0069/
D AT A CODE(1, 335.2) vCD.E( 29 33*2)#COOE(3* 33vZ)/129 34,006A/
DATA CODE(19 36,2)oCQDE(29 36s2IC00E(3v 36.21/12# 35oZ00D3/
DATA CODE(19 37,2).CDDE(2v 37,2)vCOD(3. 3592)/12-1 36#ZOODZ/
DATA CDDE(1. 3692),CDDE(29 361 2 )vCODE(3* 36.2)1129 .3794000/
DATA CODE(1, 392,zCODE(29 37*2)vC0E(3# .392)/12e :NoZOOD4/
DATA CODE(It 38*2)sC0DE(2t 3892)*CODF(3f 35*2)/12t 39*20007/
DATA CODE(1, 31.2)vCODE(2* 39#Z)vCO0Ef3# 41.921/12. 409ZO6/
DATA C:) OE( I 402).CODE ( 2 40s 2) vCODEC(3.9 402)/12. 41oZ0060/
DATA CODE~l, 43.2)*CODE(2* 412)sCQDE(3, 4192)/129 429ZOODA/
DATA CJDE(1, 42.2).CODE(29 4292)*CODE(3* 4422/12, 45.ZO0D/
DATA COD!E(Is 43*2),CGDE(2, 4-1%2)*CODE(3v 45#21/12.t 440054D/
DATA CODE(tv 46,2)*CODE(2t 44#2)*CODE(3.* 4492)/129 47,Z0055/
DATA C3DE( 19 459 2) 9COD(2t 4S92)#CDDE(3, 45#21112o 46920054/
DATA CO02(19 46*2).CODE(2. 46%Z)vCODE(3# 48.2)/12. 49.Z0057/
DATA CO.E( 19 47v.2) , CODE (2, 47s2)9CODE(3v 49,2)1129 59Z056/
DATA COD2(I 48.z)*CODE(2@ 50.21.CODE(39 48#2)/129 51.Z0065/
DATA CODE(19 49*2)oCQDEtZ. 4992)#CODE(3o 41.2)/12t 50P20052/
D AT A C:Di-( It 50s 2) vCODE( ?,5021*)CDE(3# 50@2)112* 53,Z005/
DATA C)DF.( I 513%2 ) CODEt2. 5192),*COOE(3% 5192)/12e S4.Z052/
DATA C3DM 1, 54.2)vCODE(2,v -522)vCOOE(3. 54,2)112. 53VZ003/
DATA CODM(1. 55,Z)tCODE(2* 53v2)vCOE(3q 55.2)112. 56,Z08/
DATA C:)DE."(1 54.2)PCDDE(2, 54*2)tC0DE(39 5492)/12* S5,Z027/
DATA COS( 1 9 55, Z) 9CODEf(2o 557,2)9CODE (3Z4 5592)/12* 584Z028/
DATA C56Did, 58.a)oCODE(29 Ss,2),CODE(3, 5692)/129 579.Z05/
DATA CODE Is 579 2) 9CODC2. 579 2) 9CODE (3, 59.2)/12. 60.Z039/
DATA CODE(1 60,2)tCODE(2* 50.2).COOE(39 60.2)/129 59#ZOO2EI/

DATA CODE(Is 6192)#CODE(29 6192)#CODE(3, 61#2)/12v 62*ZO02C/
DATA C3DE(1. 6292),CODE(29 6292)9CODE(3o 6292)/129 63vZOOSA/
DATA C:DE(1. 639 2).CODEC2., 6392)tCCDEC3o 63923/122 64.20066/

J-1UNCLASSI FlED
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64,2,CO~2. 4,2.COD(3.UNCLASSIF'ED

Z)AA CDE(# 6*2)C0Dt2#64,2)#O3E3s64*2)/12. 669Z0067/

t DAA C OF-I I, 651 )COD12, 5. 1. ODE 3,65,2) 10, 20,Z 00F/
DATA CODEC14 66*Z)vC3DE(2* 66,2)oCCDE(39 66,2)112, 67.ZOOCB/
D AT A C3)( 6?.2)*C3DEC2, 67*2),CODE(39 67.2)/12, 66*ZOOC9/
DATA C3 OC( I bd92)9C3DE(2, 6a *2 ) *CODE(39 6892)/129 699ZO058I
DATA C:) 4 C19 699,2 ) CODE ( 2 69*2)9CODE(39 69*2)/12, 70*Z0033/
DATA COD~tlq 70,2)ICODE(2, 7092),COOE(39 70*2)/12, 719Z0034/
DATA CODE(l, 71o,2)*CODECZ* 7192)tCCOE(39 7192)/12* 72*Z0035/
DATA CODE(1, 72.2)oCOOE(2, 7?.s2) *CODE (3# 7292)/13e 73*ZOO6C/
DATA C3E(to 7392),CODE(29 75,2)tCODE(3. 7392)/139 7 'sZ00601
OAT A CD)a(1. 74o 2) oCODE(2, 74,2)*COOE(3* 74.2)/139 75*ZOO4A/
DATA COO~t1, 7592)*CODE(2* 7592).COOE(3* 75*2)/12, 76,ZOO48/
DAT A C3DE(to 769 2 ) CODE ( 2 76,2)tCODE(3* '6o2)1139 7?,ZOO4C/
DATA COOE(d, 7792),CODE(29 77o2)sCODE(3* 7792)/139 78,ZOO.D/
DATA C3aEt1, 78,2)*CDDE(2, ?8.p2)gCODEt3* ?8,2)/139 799ZO072/
DAT A COaE ( I, 799,2) 9CUDE (2,s 7992)oCODE(3,p 79.2)/13, 8OZ007z/
DATA C:)DE(lo 80*2)*CODE(29 8092 ) 9CODE (39 60*2)13* 819Z0074/
D AT A C30E(l, 61 ip2)*C30E (2 # 81*2)9CCOE(3o 81%2)/113. 829Z0075/
DATA CODSCI. 82o2)*CODE(29 82 *2 ) #CODE (3 82%2)/12,o 83*Z0076/
DATA CODE(to 53#2)*CODE(2* 8392)tCODE(39 83*2)/1:!* 84sZ0077/
DATA CODE (I1 8492)*CODE!(29 8492)*CODC(3io 84*2)1:!* 85OZ0052/
DATA C3)E(ls 85*2)vC3DE(2* 8592)*CODE(39 8592)/13s 86.Z0053/
DAT A CD)DE( It a6,2hCOOE(29 8692)*CODE(39 86,2)/13. 87oZ0054/
DATA CO3E(1. 87,2)%C3OE(29 8792)#CQOE(3, 87v2)/1ao 889Z0055/
DATA COtE( Is 889 2) vCODE (2 9 88,2)*CODE(39 88*2)/13* 89*ZO05A/
DATA CODE(1. 8992)*CUDE(2, 8992)oCD(39 891o2) /129 909ZOO58/
D)ATA C33E(19 90.2) ,CODE(2t 90o2)*COOE(3* 90*2)113. 91*Z0064/
DATA CODE~i. 91*2)fPCJDE(2* 91,2)*CODE(39 91.2)/13f 92*Z0065/
DATA CODE(1., 9292),CODE(2io 9292),PCOOE(39 92e2)/113, 930'0003/
D AT A C3DER D( I *)ICODEROC(?t I) 9CODERD (3 ip)I 1*2*Z1/ q
DATA CODERO(1.2),CODERD(?.,2),COOERD(3,2)/ 2*3tZi/
DATA C20ERDC1,s3),CC'DER(2,3),CCDERD(393)/ 394*Z1/ I;
DATA CODERD( 1 94 ) CODERD( 2 94) 9COOERD (3 94 )/ *.6.ZI/
DATA C30DERDC195).CODERD(2,5).CODERD(3.5)/ 590*Z1/
DATA CDERN 1 96) 9C CD RD ( 296) 9CODOERO (3 96 )/ 13o7oZ2/
DATA C3DER3)(1.7),COOSRD(2,7),CODERD(3.7)/ 13o89Z3/

C.
END

0 END OF OCEC UPRINT PROGRAM -LNSPFINTEO~. 1431
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START OF DCEC UPRINT PROGRAM OSNAME=Ooo:31 .ISM.FCRT

C PLI A 1 , GER(A-Z)-
REAL CF3,CF*ERRATE

kC******* LABS..EO COMMON /G32BIT/****

COMMON /G32BIT/MASK((32).COMASK(32).LIBIT(32),LZB1T(32)
INTEGER r4ASKoCOIASKoLIBIT*LZOIT

C
COMMON/BUFF/PELE3UF(60.2).COBUF(240).OTBUF(6092),

* STFSUF(240)o SIAT(3000;
COMON/HUFF/COOE( 3.92. 2).COOERO(3,9)
COM-MON/ERAY/ERRORS (2500)
C*******~**********FILE DrFINZTICNS **********

COMMON/FILES/TERM.LPFIL,PELFILOTFIL. ERFIL

C
C CO****************LNABELL-oEED COMMVAIABES MO***************

COM4MON/PVAR/INLNND.OTLNNO.OTELW, INELPPCDELP90TELPiCELWo

CO.4MON/I'VAR/PELMAY.VRTeS.PAS.MPA.ERIO.INA.

*RLFLAG9EPFLAG

C ED NU PARAMETERS
90 WRITE( TERM 100) -

100 FOR'4AT('SPARA'4ETERS* INPUTC=1)o OR DEFAULT(=0)?@)
READ(TOERM91109ERR=90) INSW

110 FORMAT(AI)
IF (INSW*EQ*OOJ GO TO 315
IF (INSW.NE.II) GO TO 90 .

C
C READ DIAGNOSTIC SWITCH

114 WR IT E(TER Mo It5)
115 FORMAT(OSDIAGNOSTIC PRINTOUT? (Y OR N): 0)

READ(TeR?4,110) INSW
IFCINSWoE(Q.YY) GO TO 116
IF(INSW.EQ*NN) GC TO 120
GO TO 114

116 CONTINUE
S0IAGX*TRUE* *- . .~. ..

C
C READ MAX14UM NUMBER OF PELS PER LINE

120 CONTINUE
lER ITE( TERM. 1.30)I130 FORMAT(ISENTER MAXIMUM NUMBER OF PELS PER LINE
READ(TER4*l4O.ERR=120) PELMAX

-140 FOAMAT(14) ...

IF(PELMAX.GE.1.AND.PELMAX.LE.17t28) GO TO 160
WR ITEC TERM, 150) PTLMAX

150 FORMAT VONUM4BER OUT OF RANGE t=9*1690)')
GO TO 120

C,
C READ VERTICAL SAMPLING
C

160 CONTINUE..............--- . --

WRITE( TERM. 170)
170 FOR14AT(OSENTER VERTICAL SAMPLING: 1)

READ(TERMI80sERR=160) VRES
180 FO RM AT (12 )

II(VRESGE.1.AND*VRES*LS'*10) GO.TO 190
WRITE(TERM.9150) VRES
GO TO 160

C *--- . . . .- - - - - . - . . -

C READ PARAMETER K

190 CONTINUE
WRITE(TERM. 192)

192 FORMATCOSENTER PARAMETER K )
READ(TERM9140.ERR=190) K
IF(K*GE.1.AND*K.LE*3000) GO TO 200
WRITE(TERMo1SO) K . ....... . .

GO TO 190
C
C READ ERROR PATTERN PHASE

L-1 UNCLASSIFIED ;



UNCLASSIFIED

I rr C
200 CONTINUE

WR ITEC TER \4.210)
210 FORMZT 0 SENTER ERROR PATTERN PHASE: '

READ(TER%.2209ERR=20O) EPHASE
4 ~ 220 FJRM AT (I I

4 ~ IF(EPHASE.GE.0.&LN).EPHASE.LE.3) GO TO 240
WRITE(TERM915O) EPHASE
GO TO 200

C READ MINIMUM COMPRESSED LINE LENGTH

240 CONTINUE
WRITE TER'4,250)

250 FORMATV(SENTER MI1dIMUt4 COMPRESSED LIN'E LENGTH: 8)
READ(TERM,140,2RR=240) CMPI4AX
IF(CMPMAx.GE.O.AND.CMPMAX.LE.1728) GO TO 320

WRITE(TERM9150) LINMAX
GO TO 20

320 CONTINUE
WR ITE(TRM, 90)

05REAO(TER%19140) ER1RS(ERLIMA

ERIT. TMERML 150)L-1 A
GO TO 350

C READ ERROR MAPEFLEADON

315 CONTINUE - --. .- - - -

E9 FRLI1 R4D=?(=AUL9=AEr= ROS*
READCCERFIL,10ERR=31) ERRORSERL
IFERRM=EIM1 O O 0

17GO TJ 316
C EDERRO=R LAIC1

360 CONTINUE

405 RATER('ON ERRORS INERTED)

IERRM-.EO.LMM)WIETR.10 ERR(I,=,FL

ERRL M=ERR I-2



IFQEARN3Z3EQoTT) 11RITE( TERM* 420) ERRLIM UCASFE

420 FOiR4AT(I1290 ERRORS OJTAINEO FRO2M ERROR TAPEGI
C*************... EG IN PROGRAM *~****************

C
C 1I4ITIALIZE
C

TCOEL=O
TC DA TA 0
ER RPNTl
EFRRCNT=0O
INLNCT=O
ERRcJFFzERHASE*1 324
C3ELCT=32
OT SLPm 1
CDELPm"32+
CONSEC=1
INR;EF1

OTR!:F= 1
CTCdD=2
STFdIT=0

C
DO 800O I= 1 9240
STFBJF (I 32
CO3UF( 1)=0

800 CONTINUE
DO 850 1=1960
OT8UF( I.3TREF)=0
OTB'JF( I. OTCOO)=0
PEL3UF(I *INREF)x0
PELt3IF(1, INCO0)=0 --

850 CONTINUE
SEARC-o.TRUE.
SYNC-oFALSEo 4
WR ITE=*FALSE.

C
C SEARCH MCDE: LOOK FOR EDLI BIT-BY-BIT} ~ ~900 CONTINUE -.. .-- *---

CAL.L GETLI(13sMODEvLBITS9L)
GO TO (910,9Z109930*92(')*MODE
STOP 930

910 CONTINUE

C

- CEP-COELP+1 
.

GO TO 900
920 CONTINUE

STOP 920
930 CO NTlIN UE

C
C EGL FOJND
C

-SEARCH=*FALSE* --..-. ~ .~.

CDELP--CDELP4L
IF(WR ITE) GO TO 935
WRITr-=*TRUE*
GD T6 960

935 CONTINUE
c
C -,ET OUTPUT DECODE LINE TO 0 AND WRITE CUT

00 950 1=1,60 -

OTBUF( I,OTCOD)=0
9'-0 CONTINUE

WRITE(OTFIL) OTLN,'40.PELMAX,(OT83UF(IVTCOD),I=1,60)
OTL'4N=ANNBF

960 CONTINUE ---.

IF(4IODE-2)965. 1000.900
965 STOP 965
1000OCONTINUE . - . .--------..----

C
C PERFORM4 ONE-DIMENSIONAL DECODE OF A COMPLETE LINE
C FIRST, SET OUTPUT BUFFER TO WHITE
C (ONLY t3LACK( RUNS WILL BE INSERTED)

00 1010 1=1,60
OTBUF( I *OTCOD)=0

1010 CONTINUE . .~

INDEX= 3
COLOR=l

L-3 UNCLASSIFIED)



UNCLASSI FIED

QTELPwI
BLCNT=O

1020 CONTINUE
L=O
CALL CN 18M (INDEX* CCLOR9 STATUSoL)
GO TO (i030,1070,107Osl03591040)sSTATUS

C 1 2 3 4 5
STOP 1000

C RUN ADJEC; CHECK LENGTH OF OUTPUT LINE
C

I Oi3 CONTINUE
GNE.*TRJE.
LFM2TELP-i-PEL9AX) 1031*'1032#1050

1031 CONTINUE
IF (CHL0~L)COL0A=AO(COLOR+292 1+1
INOEA= 3
GO TO 1020

3000 CONTINUE
*C

C PERFOR4I TWO-DIMENSIONAL DECODE
C
C
C FIRST* SET OUTPUT BUFFER TO WHITE
C (ONLY SLACK RUNS WILL BE INSERTED)
C

00 3010 1-1960
OTBUR( IPOTCOO)0O

3010 CONTINUE

C
CNOTINU

C

3030 CONTINUE

3031 CONTINUE

1F(CHCOLJCOLOR=4D(CUL.OR+2,2).1
INDEXZl
GO TO 3020 - .-

C
C LINELENGTH =PELMAX; CHECK RL PREFIX

3032 C ON~TINU=
RLOREZ=i
IF(RLFLAG) RLOREZ~1
CALL GETLI(RL3REZvMODE#L3ITS*L)
G0 TO (3034*1050ti05091050,MODE

3034 CONTINU-
CDELP=CDEFLP#*L T 00 *-----

-- IF(LB3ITS.NEv1)GCTO10
C

C LINE LENGTH=PLP4AX; CHECK FOR FILL AND LOOK FOR EOL
1032 CONTINUE

ZERO=-1
1033 CONTI NUE

CALL GETLI(1IM00E9LBiTS.L)
C

GO TO (1034*10509105091050)*MODE
C
C CHECK FOR FILL . .. .. .

1034 CONTINUE

CD EL P-CO ELP 4L
IFILSlTSvEO.0) GO TO 1033
IF(ZEROLEo10) GO TO 1070 -

UNCLASSI FIED
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C
C SOL~ FoJO; CH_'CK TYPE

I j~ C
CALL GET~L( 1.'4 5DE9LBITSL)
IF(LCdITS*EO0) F4CDEz2

GO TO (10?091O6091060*1080),MODE

C PREMATJRE EOL DETECTED
C
C
C EOLL D)--TECT=HD
C

* 1035 C04TINUE
COELP--COELP+L
ST ATUS =4
[F(OTELPoLEe5) CONSEC=CGNSEC~1
IFCCONSEC-2 11080*1000.2000

C
C EOL2 DLETECTLD

1040 CONTINUE
CDEL PsCDELP+L -- -*-

STATUS=5

GO TO 1080
C
C PROBLEMS ,.'ROSLEAS
C -

1050 STOP 1050

C LIKE LENGTH CORRECT, EOL DETECTED PROPEFLY; WRirE OUTPUT LINE
C

1063 CONTINUE
CDELP--C)E LP+L
WRITS(OTFIL)OTLN.PELMAX.(OTSUFCI.OTCOD)1=1,60)
CTLNr40=LNNO SF
CONSEC1l
IF(ONE) SYNC3.TRVjEo -- ---

TEMP=OTREF
OTREF=OTCOD
OT CCO0 TE MP
IF(MODE.EQ*2) GO TO 1000
GO TO 3000

C
C LINE TOO -. ONG OR NO MATCH

1070 CONTINUE
WR IT-"=FAL SE*

C
C LINE SHORT

1080 CONTINUE
IF(.NOT.SYNC) GO TO 1090

C WRITE LAST GOOD LINE
C

WRITECOTFIL) OTLNNO.PELMAX. (OTS3UF( 1.OTREF) .1=1,60)
SYNC*FAL S~e
GO TO 1110 . --

1090 CONTINUE
C
C WRITE A WHITE i.I NE -'-----*---

C
DO 1100 1=1. 60

1100 OTBUF( I*OTCOD)0O
WRITE(OTFIL) OTLNNOoPELMAX.(OTBUF(I.OTCOD).I~l1.60)

1110 CTL.1NOLNNO3F
IF(STATUSoEQ.4) GO TO 1000
SEARCH=*TRUE*
GO TO 900 -......-........

C
C END OF MESSAGE

2000 CONTINUE ERRRT
WRITE(LPFIL#2010) CONSEC

C
ERRATE=FLOCAT (ERRCNT)/VILOAT (T COEL)
WRITE=(L.7FIL ,2020) TCDEL.TCOATA,STFE3IT,INLNCT.ERRATE

UNCLASSIFIED
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11020 FURMkT00TJTA. NU'4c3ER OF CODED B3ITS 0,'18/
40'TJTAL NUMB3ER OF CODED DATA BITS -z*S

* ')TOTAL NUJ10ER OF 2-DIA LINES ='.18/
* 'O1TOTAL NUM4BER OF INPUT LINES PROCESSED './
* OBIT ERROR RATE = ,G14*6)

CALL STATS(STIXToINLNCT.DIAG)
CF3=FLO.%T(P3..4AX)*FLOtkT(INLNCT)/FLCATUTCOEL)
Cr 4=FLUAT (PEL 4AX )*FLOAT ( NLNCT )/FLOAT (" DATA)

C
WRIT'i-(L3FIL92030) CF3,CF4

203a F1R4AT('OCJ4PRESSION FACTUR FOR 'G3 MACHINE (CF3, =',FB*4/
* '13CO.4PRESSION FACTUR FCR G4 MACHI1NE (CF4) =*vFde-))

C
CALL ERR'4ES(PE4...UF.TUFPELMAXVRESERRCNT)

sr op
E EN .
SUBRJUTINE GETLI(LBITSMODE,WRD.L)
IMPLIC IT INTEGER(A-Z)

Cl****** L.ABEL~ED CO-AA0N /G32B!T/ ***

CO AMON /5 3213 T/4AS((-32) COMA SK (32) tLIB1T (32) ,L Z 8I1(32)
INTEGER MASKsCOMASK9LIBITsLZ9IT

COMMON/3UFF/PELBUF(6092).CDk3UF(240).OjTBUF(60.2).,
* STFBUF(240)o STAT(3000)

COM4MON/-i UF/C30E (3992 92 J C 00 EO( 9'
CO.4MON/ERAY/ERRORS ( 2500 )

CO.44UN /P V 4R /1'- 43NsDTLNNO 9OT:L Wo I NELP oCDELP sOT EL P 9COELW. o
* CDELCTINE-LCT.TCDATA.TCDELERR"NT,ERROFFERRLIM*
* ERRCNTINLNCT.CO'NSECLNNC2F.B1CNT,
* INCOD. INR-F.OTCOD,C.TREF.S1PBIT

CO14O4N /1CHAR/JO. DII.MMTT .NNYY
CO MM ONO/..OGI C/SEA~tC He 0IA G9 SYNC 9L SS # WRI TE,9 ZERO, LEFT 7 CHCOLsONv

*RL FLP G ,EPFLAG
LOGV.*AL SEARCII.DIAG. SYNC.WRITE.LEFTCCCLCNERLFLAGEPFLAG
C**.***s~ ***********'**BEGiIN PROGRAM**************

MO0E=4

IsC RETRIEVE 4EXT BIT FROM CD13UF
C
100 CONTINUE

C
C ENCODE A NEW LINE IF NECESSARYF lF(LUITS+CDELP-1.-=E.CDELCT) GO TO 200

IF(CDELCT-COELP+I) 170s1909180

STFE3UF(1 )I43( STFBUF.CDELPCDELCT-CDELP+l)

CALL. ZNCOD:I
20CONTINUE

WRD=1413( T:F9-)7PBIS
L=LB3 ITS
IF(LeLT*13) GO TO 250
IF(WRD*EJ*COD=ERD(3,6)) GO TO 3004
IF(4RD.E3.CODERD(3,7)) GO TO 400

2 0 CCONT IN UE
MO DE= I

RETURNI

RE TURN
400 CONTINUE

M00E=3
RETURN

END

CC SUBRJO~rv,. U-NCOD

C******4* LAHEil ) C~J-010N /G32P-3 1cI
I ~ ~ ~ ~ "S(2. '5hkFRx.\TOAS32) ~2~I
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C
COM,'4N/BUFF/P.-LUF(6092),CDBUF(240).OTBUP(60,2),

* STF8UF(240), STAT(3000)
COMIAON/H-UFF/CDDE( 399292) *CO3ERD(399)
COMP4ON/ERAY/ERRURS (2500)
C******************FILE DEFINITICNS **********

C
CO'4MO0N/F ILES/TERMLPFIL, PELF ILOTFIL, ERF IL

C

COMON/I VAR/P:.AXVRESEPHASC,C.4PMAX.ERRMCO.LI NMAX.sK
COMJN/P)VAR/INLNNOOTI.NNOOTELW, INELPCDELF, CTELPCDELW,

* CDELCT.XNELCT.TCDATA.TCDEL.ERRPNT.ERFCFFERRLIM9
*ERRCNT #INL NCT9 CONSECoLNNOBF# BICNT*
* INCODvINREF,LTCOD9CTREF9S1FBIT

CO'440N/tCHAR/OO, I I o AMsTT,.NN, YY
COMMON/LOGIC/SEARCHDIAG.SYNCLSSWRITEZEROLEFTCHCCL.ONE9

*RpL. AG, EP FL.AG
LOGICAL SEARCHDIAGSYNC.WRITELEFTCHCOL.ONERLFLAG.EPFLAG
LOGICAL RLFE9EPFE

C***************************BEGIN PROGRAM **********
C
C INITIALIZE VARIABLES

CDELCT=32
CODA TA-0
00 50 1=29240

CD8UF( I)=O
STFOtJF(I)=O ..

C
C AEAD INPUT PICTURE FILE
CU

100 CONTINUE
READ(PELFIL9,N=120,ERR=500)
* IN.NNOINELCTCPELBUF(IINCOD)I=1e,0)
*IF(M1OD(INLNNO,100)sEOoO)wiRITE(TErMq,110) INLNNO

110 FORJ4AT(' INPUT LINE NO. =*9161
IFCM0D(INLNN4O-19VRES)#NEo0J GO TO 100I IF(I,'4ELCT*LT*PELMAX) CALL EXIT
INLNCT=INLN'CT+l

c
C LOAD OUTPUJT LINE NU48ER BUJFFER
C

--- LNNCF=INLNNO
IF CSEARCH)OTLN4NO=LNNOt3F

C
IF(INLNNO9LEoLINMAX) GO TO 140 -

C
C. WRITE SIX EOLI'S -

C
120 CONTINUE

00130 1=1*6
CALL. CO)I BM(6.0,0.0.O.CDELCT.CDDATA)

130 CaNTINUE
DO 135 1=1#6 --

STFc30FI M)=CDB3UF( I)
135 CONTINUE

GO T3 400
C
C FIRST OF K LINES? -. *-

140 CONTINUE!
IF(MOD(INLNCT-19K).NE.0) GO TO 600--

C
C ONE-DIMENSIONAL CODING-
C WRITE ONE ECLI
C

- ..CALL CODIB'4(6,0.0.0.0,CDELCTCDDATA).......

C
C FIST EOLEORN BOCF FRTEENE0LNT HT U
C.

CALL CODtELN(091*CDELCT .CDDATA)
POLAR= 2

L-7 UNCLASSI FEO)
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C
C CALCULATE RUN LENGTH AND ENCODE
C

150 CONTINUE

00N20 0 11tELMAX
PEL=14tJ(PEL8UF(Ij INCOD)s 1ot )+I
IF(PEL*.EO.POLR) GO TJ 180
CALL CODELNC4RUN.P:DLAR, CDELCTCDDATA)

L IF(.NOT.31A-) GO TO 170

[ WRITE( TER.491e0) RUN *POLAR,*CDELCT 9CODATA
t170 CONTINUE

RVN~t
PLILAR- MOD (POLAR+2 o 2 )+1
GO TO 200

180 CONTINUE
RUN=RUNt 1

200 CONTINUE
CALL CO)DELN(RUN.POLAR, CDELCT.CDDATA)
IF(o.NOT951AG) GO TO 210

C 00COTIETR#6)RNPLA9DL~CD

C
C TWOIEONSONL CDN
C

60CALONTINUEO0,,DECTCOAA
C
C SRIET AON TO LF2DEIADPLRT~
C

AOZO
POL-O 2
LEFT= aTRU E.
RLFE as FALSE.
EPFC*F-ALSE*

C ETECT Al1..620 CONTINUE
I=AO+l
lFCZ.GTqPELt4AX) GO TO 640

630 CONTINUE

IF(IoLE*PELNIAX) GO TO 630
640 CONTINUE

A1=1
C

C DETECT 81

IF(l.GT*PELMAX) GO TO 665
PELMN4148(PIELBUF(1,INREF).A0.J)
IF(LEFT) PELM1=0

650 CONTINUE
PEL=14B(PEL.8UFCIl9INREF)#II)
lF(PEL&aIS.?ELMI) GO TO 670

660 CONTINUE
PELMI=PEL
I= 1+1
rFCIsLE9PELMAX) GO TO 650

665 CONTINUE
81=1
GO TO 730

670 CONTINUE
SIF(PEL#NEsPOL) GO TO 690

GO TO 660
690 CONTINUE

81=I

c ADJUST LEFT ED)GE IF NEC:ESSARY

730 CONTINUE
-- IF( 4NO ToLEF T) POLAR=I4 e(PELs3UF(1,l NCOD)v A0.11 +

IF(.NOToLEFT) GO TO 740
POLAR=1

A0=1 
UNCLASSIFIED
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LCFTz. FAL3Eo

740 CONTINUE
C TEST COLOR OF FIRST ELEMENT ON LINE
C

IF(Al*NE.1) GO TO 750
IP(I1#B(PELd3UF(1.INCOD).1,1).EO91) GO TO 800

c FIRST ELE-4ENT WHITE

C750 CONTINUE

C CALCULATE VERTICAL LENGTH

MAe=IAUS(AX-91) -

IF (MAS-1 ) 850 #850,9800
C
C
C CODE BY HORIZONTAL MODE
C

800 CONTINUE
C
C TEST F.JR RUNLENGTH REDUCTION
C

RE DUC= 0
IF(81.GE*Al-l) GD TO 810
IP(AO.Ea.1&'J GU TO 810

C CONDIT ION FOR RUNLENGTH REDUCTION MET
C

REI~XJC=MIN0(01-A0+1*3) - --

c CHECK RL CORRELATION
C,

810 CONTINUE V
RLOREZ=2
IF(RLFE) RLOREZ~1
CALL CODia8M(RLOREZ.O0LARA0.A1-REOUC..TRUE..CDELCTsCDDATA)

-- F&.E 9TR UE. -

EP FE2* AL SE
AOA 1
GO TO 960

C.
C CODE BY VERTICAL MODE
C

850 CONTINUE
- IFiAI-1) 870,880,900

870 CALL C WI5M( 3900*0.0iC0ELCT9CODKTA)
EPFE-. FALSE.
GO TO 950

880 CONTIN UE
RLGREZ=1
IF(RLPE) RLOREZ=2
CALL COOIBM(RLO)REZ,0,0,Q,0,CDE-LCTCODATA)-
EPFE"2eFAL SE.
GO TO 950

C
900 CONTINt.E

IFIEPFE) GO TO 92U.
910 CALL COlD~tM(4,090,0,0,CDELCTCDDATA)

EPFES eTRUE*
G0OTO 950-

920 CONTINUE
IF(148(C0BUFCDELCT,1)*EO.I) GO TO 910
CALL COD! BM(5,0.O000COELCTCDDATAY
EPFC.*-TRJE*

950 CONTINUE

RLFE.*FALSEo

C TEST FOR END OF LIN'E

960 CONTINUE
IF(A09GToPELMAX) GO TO 205
POL=I48(PELBUF(l*XNCOD)*AO,1)
GO TO 620

205 CONTINUE
RLGREZ=2 - *

IF(RLFE) RLOREZ1l
CALL CCODI8NI(RLORI:Z.0.0,0,.FALSE,,CDELCTCDOATA)

210 CONTINUE
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TCMP=ZINRECF

V4 COJ=T,

C TRANSFER C3*6UO TO STFSUr

00 240 1=29COELW

STFtJUF QI )=CI)3UF( 1)240 CONT INUVE
C
C S4- LINE LENGTH(OATA BITS PLUS EOL)

C CHECK~ CODED LINE EGP

F 1 L = Z M P 'k - ( C ) L N T I -, 3 2
C IF(PILL) 400,4009,250

c CUOE L INE TOO0 SHORT; FILL IT TO CMPMAX250 CONTINUE

CL)LCT=C,)ZELCT+F ILL
c ACCUMULATE STATISTICS AND ERROBr CCRRUPT
400 CONTINUE

I FCE:RRNMOa*EQ*NN) GO TO 390
C

350 CONTINUE

IFi~tR~ir*L!-.0) GJ TO 360VIm RdIT*GToCDP.Icr-32)3 
O 39

c~ ERROR IN RANGE LF CDOED LINE; CHANGC APPROPRIATE W17

BIT=.540D(z3lT*1,2)
CALL *-4 2 (UTSTFUF*ERR8XT+

3 2 %I)ER RCNT =ERRCNT +I
CI C INCRE'4ENT ERROR L.IST POINTERC

360 CONTINUE
SR RPNT =i-RRPNT +1IFERx*L.RL4 

GO TO 350C
C ERROR LIST EXHAUSTED
C

ERRPNT=E4PNT-1.
WRITE-(L FILP370) ERPVJT9ERRGRS(EPRPNT)

370 FORMAT0,ERROR LIST EXASE T*1*'HERq*6RRMQR-NN
C COPUTZSTATISTICS

TC OA TA =T% AT A+CZDA TA

DE=(C0ELCT+32-.I 3/32WRITE(LPFZL*
4 50) (CD8UF(I);I~1.CoELW)WR IT E(L2F il :4 50 1 (STF~U Fc zICOEL W)450 FORM4AT (5zl2)

460 CONTINUE~
RETURN

C
500 CONTINUE

CALL EXIT

C SL 3RJUT z'4 E CQ I,3M(MO t P LARAe 
PIEDCO LC #C DA

C'.' C/3PP -- L)(02 k.F24)OEUF6#)
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* STFE3UF(240), STAT(3000)
C0440N/H1JFF/COE(399292).eCODErD.(3,9)
CUMA'CN/TRAY/ERRJiRS (2500)
LOGICAL RLF

C
C***** ****************BEGI N FRCGRAM *************

C
CALL 412,3( CODR(3 *MO2E) sCDBUFs CDELCT *I*COF.PD( I MODE))
CDELCT-,^OELCTtC30Eq0( 1 9MCOE)
GC TJ (2309200910091091l0.00.BeOC) .MCDE

C
C MO0O0 1 2 3 4 5 6 7
C

STOP 129
C
C E~4 OR EP (3,4,5)
C
100 CONTINUE

CDOATA=^aATA*CZE-':D( 1 *MODE)
RETURN

C
C RL. OR EZ (192)
C

200 CONTINUE
CDDATA=CD0ATA+CQDERD( 1 MODE)
IF(RLF)ZALL CODELIJ(B-APCLARCDELCTCDDATA)

C A3O EOLI OR EOL2 TO LINE (6,7)

800O CONTINUE

RE TURN
END
SUORJUTI'dE ONEISM(INDEXeCOLORSTATUSL)
IM'PLICIT INT=GER(A-Z)

C******* LABELED CO64MON lG37-BIT/****
C

CO-41ON /G329IT/AAS<(32)vCOMASK(32) *LX8IT(32) 9LZ85IT(32)
INTEGE.iR AASK9COMASKvLI8ITvLZ8IT --

C
CCMMiON/3JFF/PELBJFC6O,2),CDBUF(240),OTBUF(60.2),

* STFBUF(240). STAT(3000)
COMMON/H-JFF/COD( 3,92, 2),COERD( 3,9)
CU MMUN/Z RAY /ERRORS (250 0)
C******************FILE CEFINITICNS **********

Ct3"MON/--ILES/TERMLPFIL.PELFIL.OTF1LER;FIL- -

C
C****************LABELLED COMMON VA4RIABLES ***********

C
COMMGN/IVAR/PEL4AX ,VRIESEPHASECMPMAXERRMODLINMAXK
COMMON/POVAR/INLNNJ.3OTLNNC.O0TELWINELPCDELFOTELPCDE-LW,

* C)ELCT. IN'-LCTTCDATATCDELERr%'NTFRRCFFERRLIM,
* ERRCNT, INLNCTCONSECLNNCBFRICNT9
* INC0D, INR FsOTC0OOTREF*STFBIT

COMMO4N/I CHAR/DO. IIMMTT ,NNYY
CO M40N/. OGI C/SEAR CH 9 DI AG ,SYNC ivLSSo WR ITEs ZERO 9L EFT ,CHCOL 9 ONEo
*RLFLAG ,EPFLAG
LOGICAL SEARCH,3IAG.SYNCWRITELEFTCHCLOL,NE.RLFLAGEPFLAG

C
C***** *** *********BEG IN PROGRAM ***********

C
REOUC-L *

C
C BEGIN OECO )E LOOP; RETRIEVE NEXT CODE wCRO LENGTH (L)
C
1000 CONTINUE
1002 LENBIT=C)DEC1.IND X9COLOR)

CALL GETLI(LENBIT;MOOELBITSL)
IF(DIAG) WRITE(TER!4,1003) LENBIT*MODE*LBITS#L

1003 FOSMAT (2169 Z89 16) -. . . . . .

GO TO (1040.12"00,120591190)s MODE
STCP 1040

1040 CONTINUE
IF(LaITS*E.Q.CODE(3,INDEXCOLOR)) GO TO 1100

C
C NO 4ATCH; ADVANCE CCDE WORD INDEX VIA DECODE THREAD
C

*INDEX=CODE(2sINDEXsCOLOR)
IF(INOEX*GE993) GO TO 1190
IF(CUDE(IZNOEX.COLOR).EOL-NIT) GO TO 1040

UNCLASSIFIED
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C CODE WO-40 LONGER; FROM THE TOJP
C

GO TO 1002

C 4ATCHFUUN4D
C

1100 CUNTINUE
CDELP= CZ)LP +L

RUNENIDX1,RNE

IF(OTSLP-1.GT.PELMAX O TO110

C AD3AKRNTO OUTPUT B3UFFER(YOFt.L)-

00110155UNE

OTELP=OTELP+RULN G O18
IF(OTELP-1.GT*P5LMAX) G O19

C

C OUTPUT LINE LESS THAN OR EGUAL 70 MAX SPECIFIED

1160 CONTINUE
IF(INDEX.LT.6S) GO TO 1170
INOEX=3
GO TO 1000

C
C RUN ADOSO TO OUTPUT LINE; LENGTH LESS THAN Cq EQUAL TO DELMAX (1)

RU ADCUTLPL4XEXEDD IETOLN 2
1170 CONTINUE

CHCOL=*TRUE.
ST AT US
RETURN

1180 CONTINUE
IF (DIAG) WRITS(TER'4*1185) (OTBUF(IpOTCO0DI11.60)

1185 FO RMAT (6Z 10)
STATUS=2
RETURN

C NO MATCH FOUND IN CODE TABLE (3)
C.
1190 CONTINUE

STATUS=3
RE TURN

C
C EDLI DETECTED (4)
120 CONTINUE

STATUS=4
RETURN

C
-C EOL2 DETECTED (5)-.. . . . .

1205 CONTINUZ
STATUS=5
RETURN
E ND,
SU8ROUT14E TWOIBM( INDEX,COLORvSTATUS9L)
IMPLICIT INTEGER(A-ZJ

-C******* LABELED COMMON /G32BIT/****
C

COMMON /G32BIT/4ASIK(32 ),COMASK(32),LIBIT(32),LZEI1T(32)
INTEGER MkSKvCOC4ASK*LIBIT9LZJ3IT
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COMMON/3UFF/PELE3JUF!60,a-) CDfBUF(240),OTeUF(6092),
STFBUFC24O)9 STAT(3000)

COMMON/H-UFF/CODE(3*9292)*CODERDC 3*9)
COMM04 /=RAY /ERR9S (2500)
C***********~*******FiL2-: DEFINITIONS **********

c
CO4M0N/FILES/TEk,LPFILtP'ELFIL.CTFILERFIL

C
CCOMt4N/IVAR/LAXVRSiEPHASE.CMPMAXERrMCD.LINMAX.K

CO.MON/A2VAR/XNL.4NNj9,TLNNOOTELW.INELP,'DELP.OTELP.CDELW.
* CDEL;TINELCTTCDATATCDELLRRPNTEPROFFERRLIM,
* ERRCNT.rINLNCTCONSECLNNOSBF.81CNT,
* INCOL)INR-FtCTCODCTREFSTFBZT

COMMON/ICHAR/DOII.MMPTTiPNNYY
COMON/LGIC/SERCHDIAGSY4CLSS,WRITE.ZERO.LEFTCHCDL.ONE.

C LOGICAL SEARCHs OI4G SYNC WRITE LEFT CHCOL CNE RLFLAG EPFLAG

C BEGIN DECJDE LOOP; RETRIEVE NEXT CODE WCFD LENGTH (L)

1000O CONTINUE

1002 LE:N8IT=.D.ERD(1.INDEX)
CALL GETLI(LENaIT,,MCDE*LBITS*L)
IF(DIAG) WRITE(TERNI,1003) LENSITtMODEoLBITSL

1003 FcJMAT (21 6s-.Z16)
GO TO (1040*12009120591190)o MODE
STOP 1040

10)40 CONTINUE .-- . .

IF(LBITS*E~oC3DERD(3iINOEX)) GO TO 1100

C NO MATCH; ADVANCE CODE WORD INDEX VIA DECODE THREAD

INDEX=C3OERD(2s INDEX)
IF(INDEXoGE.8) GO TO 1190

C CODEWORD LONGER; FROM THE TOPI;, GO TO 1002 -

C, MATCH FOUND

110 CONTINUE

C CDELP=CDELP+L
C NOT AN EOL

C

C P114083. AND a2-
C

AO 0 TEL?
.*-IF(OTELP*EO.1) AO=O.
C POL=COLOR-i

C DETECT 31 -

C
I =AO +
IF(1.GTs*SLt4AX) GO TO 65
PE LM1=O
IF(A0.E0*O) GO TO 50
PELM11= 14B(OTBUF(19 OTREF) iAO 1)

50 CONTINUE
PELzr4B(OTBUF(1.OTREF)9I,1)
IF(PEL Ni*PELM1) GO TO 70

60 CONTINUE----------- --. 4
PELMI=PEL
1=1+1

- I(I*LE.PEL4AX) GO TO 50
65 CONTINUE

81=1
GO TO 92

70 CONTINUE
IF(PEL.NE.*POL) GO TO 90
GO TO 60

90 CONTINLE
81=I

92 CONTINUE
GO TO (100v110,600*400ip410)9lNDEX
STOP 100

UNCLASSIFIED
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C
C RL OR EZ; DECIDE WHICH
C
100 CONTINUE

IF(RLFLAG) GO TO 200
GO TO 300

110 CONTINUE
IF(RLFLAG) GO TO 300
GO TO 200C

C HORI ZONT AL 40DE RL
C

200 CONTINUE
RLFLAG=T RUk,
EPFLAG=.FAL SE.
ENTRY=3

C
C SET UP TO ADD BACK RUNLENGTH REDUCTION IF APPLICABLE
C

L=0
B1CNT=t31
IF(AO.EQ.O) GO TO 205
L=MtINO(8-AOtL.3)

205 CONTINUE
CALL ONEIB4(ENTRY#COLORPSTATEL)
GO TO (210,1160,1190,1200,1205)oSTATE

210 CONTINUE,
CHCOL= .TRUcl.
GO TO 1160

C VERTICAL MODE Al51=0 EZ ...
C

300 CONTINUE
RU NLEN-1 -OTELP
RLFL 4-.FALSE.
EPFLAG=. F ALSE.
CHCOL=.Tk IE.
GO TO (1I15.:)145),OLOR

C EP 000 OR 0001C
400 CONTINUE

IF(CNOT.EPFLAG) GO TO 500

C EP FOLLOWING EP(O00); NEXT BIT MUST BE A '19
C OR AN ERROR CONDITION HAS BEEN DETECTED

CALL GET. I( MODE.LBITSoL)
GO TO (4l0=405,905,05)oMODE

405 STOP 405
410 CONTINUE

CDELP=-COELP+L
IF(LBITS) 4059420.480

420 CONTINUE
C........ ..........
C FOUR CONSECUTIVE ZEROES DETECTED
C

"CDELP=CDELP-4
GO TO 1190

C
C VERTICAL MODE RIGHT EP AiBl='I
C

-- 480 -CONTINUE .. ......... . .
EPFLAG=*FALSEe
GO TO 510

500 CONTINUE
EPFLAG=*T RUE.

510 CONTINUE ..
RUNLEN=B1 -OTELP+1
RLFLAG = FALSE.

.... ---...CHCOL=-.TRUE. v ... .. .. ..
GO TO (1155,1145),COLOR

C
C VERTICAL 4ODE LEFT =M AIB1=1
C
600 CONTINUE.

EPFLAG=.F ALSE,
RLFLAG =. F AL SE.

....... RU NL EN=81-OTELP-1 ....

CHCOL= TRUE.
GO TO (1155,1145),COLOR

C
L-lh - UNCLASSIFIED , ;
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C ADD BLACK RUN TO OUTPUT BUFFER

1145 CONTINUE
IFW(JNLEN)1I9 0v1160 .1)47

11.47 CO NTIN UE
D0 1150 I1,RUNLEN
CALL M1253(CULOR-1.OTBU.F(1.OTCOO),0TELP,1)
OT EL P=OTE LP+ I
IF(O)TELP-1I.:T.PEL'4AX) GO TO 1180

1150 CONTINUE
GO TO 1160

C
C ADD WHITE RUN TO OUTPUT BUFFER (BY DEFAULT)
C
1155 CONTINUE

IF(RUNLENLT.0) GO TO 1190
OTEL Pm OTE=LP eRUNLEN
IF(OTELP-1.GT.PEL4AX, GO TO 1180

C
C RUN A33E0 TO OUTPUT -.IN-=,* LENGTH LESS THAN OR EQUAL TO P'ELL.AX (1)
C

1160 CONTINUE
STATUS-1 ........
RETURN

C
C RON AaDED UNTIL PELMAX EXCEEDED; LINE TOO LONG (2)

1180 CONTINUE
IF(OIAG) WRITE(TERM@1185) (OTBUF(IOTCCD),Izl .60)

1185 FORI4AT(6Z10)
- STATUS=2.. . . - --- . . .

RE TURN
C
C NO MATCH FOUND IN CODE TABLE (3) -

C
1190 CONTINUE . .-

STATUS-3
RETURN

C EOLI DETECTED (4)
C

1200 CONTINUE- .-

STATUS=4
RETURN .-

C
C EDL2 DETECTED (5)
C- _-. -- --- - . - . .

1205 CONTINUE
STATUS=5
RETURN .

E N 3

C BLOCKDOAT A . . .

IMPLICIT INTEGER(A-Z)
C******************FILE DEFINITIONS*******.***

C

COMMON/BJFF/PEL BLF( 60s2) 9CDBUF( 240) *OTBUF(609 2)1
* STFBUF(240). STAT(3000)

COMN/HUFF/CO DE( 3.92.2) ,CODERD(3.9)
COt4'4ON /ERAY /ERRORS (2500)
.C****~'p~*4'*LABELLED COMMON VARIABLES ***********

C
COMMON/I VAR/PELM4AX 9VAES9 EPHASE* CMPMAXs ERRMOD L INMAX 9K
COMM4ON /VAR/IN'..NO TLNNO90TELvis INELPeCDELP.OTELPs CDELW*

* CDELCTINELCTTCL)ATATCDELERRPNT.ERROFF.ERRLIM9I * .ERRCNT.INLNCTCONSECLNNCB!FBICNTo

* INCOD. INRrFoOTCODOTRSF*STFBIT
COMMQN/IC,'HAR/DD. IIMM.TT.NNYY

- -COM?0N/..OGI C/SEARCHDIAG SYNCLSSWRITEZERO.LEFT.CHCOLONE,
LOGICAL SEARCH.DIAG. SYNC.LSS.WRITE.ZERO.LEFT.CHCCL.ONE
LOGICAL RLFLAGSPFLAG

C
DATA TEL4,LiFXLPSLFIL OCTFILERFIL/5,6.1.2,3/
DA TA D D.II1.vNM 9TT # NYY /'*.'* I *91M 0 1T *90N 9 9Y/
DATA PE...AXVRESPHASEsCMPMAXERR.4ODLlNMAX/1728.2,O.96,*T'.300,
DATA K/2/ .--.- .......
DA TA DIAG/.FALSE*/

C
DATA CODEd.e 1.1)*CODE(2# 1.1)oCODE(3s 1ot)/ 6. 70.Z0035/

L-15 .UNCLASSIFIED
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DATA CO:)E( 1 291 ),COOE( 2o 2%1)vCODE(3o 291)/16, 90,Z0007/
DATA CODE ( 1 391)oCQE(29 391 )*CODE( 39 391)/ 49 4.Z0007/
DATA COZDEC), 4.1)#CODEC29 491)9COOE(39 491)/ 49 5,Z0008/
DATA C3DE(ls 591)oCODZ(2* 5.1)*COOE(3, 591)/ 49 69ZOOOB/
OAT A CODE(1, 6.1)tCODE(29 691)sCODE(3o 691)/ 4. 7oZOOOC/IDATA CODE(1, 7,1)*CODEC29 791)*CODE(39 791)/ 49 8,ZOOOE/
D AT A CODE(19 891 ) 9CODE( 2o 8.1)9CODE(3. 891)/ 4s 99ZOOOF/
DATA C:)DE 1, 9 91)oCODE(2f, 9.1),CODE(3, 9-1)/5 So 1,Z0013/
DATA C3 -)E( 19 10.1)#CODE(2t 1O9,19,CODE(3, 1091)/ 59 119Z0014/
DATA COOS(l, 1191),CODE(29 11,1)9COCE(39 11.1)/ 5. 12,Z0007/
DATA C30EC1. 1291)#,ODE(2* 1291),CODE(39 1291)/ 5. 659ZOOOB/
DATA CODE(lt 13s1)sCOE(2s 1391)tCODE(39 1391)/ 6. 14,Z0OO8/
DATA C3JE(19 14.1)*CODE12, 14.1),CCDE(3q 1491)/ 6. 159Z0003/
DAT A CODEC1, t5o,1)JCODE( 29 15,1),CDDE(39 1591)/ 6o 169Z0034/
DATA CODE(1, 1691)*CODE(29 16o1)9CODE(3v 16,1)/ 69 179Z0035/
DATA C:)DECI, 17s 1 ).CODE (29 17. I).*CODE (3 1791)/ 6, 189ZOO2A/
DATA CODE(1, 1891)9COD3 (2s I1,oCODE(3* 1891)/ 6, 19*ZOO26/
DATA C3E(lo 19o1)*CODE(29 19.1)iPCCDE(39 1991)/ 7, 20,Z0027/
DATA CODECI, 209L)tCJDE(2, 2091)oCODE(39 20#1)/ 79 21tzOOOC/
DATA C33E(1. 21.1)sC3DE(2v 21.1)oCODE(3t 21*1)/ 79 22sZOOOB/
DAT A M OE( It 229 1 ) CODE (29 22t.1) oCODE( 3 2291)/ 7. 23,Z0017/
DATA CODECI, 2391)tCUDECZ, 2391lhCOOE(39 23,1)/ 7. 24vZ0003/
DATA C30E(19 24@1)*CDDE(2* 24o1)oCODE(39 2491)/ 7, 25*Z0004/
DATA CODE(19 25o1)9CODE(2o 2591)tCODE(3* 2591)/ 7. 26,Z0028/
DATA C30E(1,p 2691)gCODE(2, 26s1)qCCDE(39 2691)/ 7, 27,Z0028/
DAT A CJ '"(1I, 27o 2) 9CODE (2o 2791)iPCODE(39 271)/ 79 28,Z0013/
DATA CODE(I. 28t1)9CDDS(2v 28*1)oCODE(3* 28#1)/ 7o 29*Z0024/
DATA CODE(1. 2991)oC0DE(29 29o1)*CODE(3* 29.1)1 7o 68*Z0018/
DATA COD:-(Io 3091)tCODE(29 3091)9CODE(39 3091)/1So 319Z0002/
DATA CODM(1 319l)#CODE(2. 3191)*CODE(3,p 3191)/ 8* 32,ZO003/
DATA CODE(1, 3291)oCOOE(29 3291)9CODE(3s 3291)/ 8. 339ZOOIA/
DATA C00MI1 3391).C0DE(2- 3391)*CCDE(3* 33.1)/ 8, 349ZOO1S/
DATA CJDEC1, 3491)*CODEC29 3491)*CODE(Zp 34,1)/189 359Z0012/
DATA CODE(1, 3591)oCODE(2. 35s1)9COE(39 3591)/ et 369Z0013/
DATA 0DE( 1* 369 1) #CODE( 2s 3691 ) CODE(39 3691)/ 8. 379Z0014/
DATA CODECIs 37.1)oCODE(2o 37*1)*CODE(3* 37911/ P-9 38,Z0015/
DATA CODE(19 3891),CODE(2, 3891)oCODE(3# 3891)/ S, 39*Z0016/
DATA C3DE(19 3991)9CODE(29 39,1)*CODEC39 3991)/ 8. 40,Z0017/
DATA CODE(1, 4091)*CODE(29 4091)oCOOE(3o 40,1)1 E-, 41sZ0028/
DATA C:) 0V19 4191)iCODE(2, 4191)9COOE(3o 4191)/ 8, 429Z0029/

KDATA CODECI,. 42*l)*CODE(2, 42*1)tCODE(39 42,1)1 e, 43,ZO02A/
DATA COOE(I, 43o1)*CDDE(29 4391)9C0DE(3v 4391)/ 8, 44*Z0025/
DATA CODE(1, 4491j),9CODE( 29 4491)iDCODE(39 4491)/ 8,* 4S,-ZOO2C/
DATA COaEC1, 4591)tCODE(2. 4591)*CODE(39 45*1)/ 8, 46vZOO2D/
D AT A C.)DE( 19 46o 1 ) COE( 2 v 46o1)*CDDE(3,P 46*1)/ So 479Z0004/
D AT A CODE~le 47*1)*CODEC29 47.1 ),CODE(3v 4791)/ 8, 48.Z0005/
DATA CODE(1. 48,1)oCODE(29 4691)oCODE(39 48*1)/ 8. 499ZOOOA/
DATA CODECI, 49 91 ) oCODE (2 t 4991 ),CODE(39 49,1)/ 8. 50.oZ'I0B/
DATA C33E(1, 5091).CDDE(29 5091),CODE(3* 50*1)/ "o 519Z0052/
DATA CODE(ls 5191)#CODE(29 S191)*CODE(39 5191)/ 8,o 529Z0053/
DATA CODE~i, 5291)tCODE(29 5291)#CODE(3s 5291)/ 89 539Z0054/
DATA C3DE(1. 53*1)*CODE(Zs 5391)*CQDEC39 5391)/ So 549Z0055/
DATA CODE(1, 54#1)tCODE(29 54 1 ) 9CODE(3 9 5491)/ 8, 559Z0024/
DATA CODE(1, 5591)tCOOE(29 5591)*CCDE(3* 5591)/18o 569Z0025/
DATA CO3DE(to 56*1),CODE(2v-56,1)vCCOE(3* 5691)/ 8l, 579Z0058/
DATA C3DEC1, 5'e1).CDDE(29 5791)oCODE(39 5791)/ e, 58,Z0059/
DATA CflDE(1. 5891)oCODE(2* 5.391)#CCDE(39 5892)/ e8, 599ZOO5A/
D ATA 'CODE(1I, 5991)tCODE(2* 5991 )vCOOE13o 5991)/ e, 609ZO05B/
DATA C3DE(1, 6091 )#CODE(29 60#1 ),CODE(3 9 6091)/ 8,q 61iZ004A/
DATA CODEd.o 61.1)*CODE(2* 61,1)#CODE(3a 61ol)/ 8o 62oZOO4B/
DATA CODE(lo 62,1)oCODE(29 629119CODEC3, 62*1)/ So 639Z0032/

DAT A CODE(1, 6391 ) 9CODE( 29 63o1)tCODEC39 6391)/ 8. 64.Z0033/I,-DATA CODE(d, 64*l)oCODE(29 6491)9COOE(3v 64,1)/ 8, 699Z0034/
3 AT A C3DEdI 65*1)*CODE(29 6591)tCCOE(39 65o1)/ 59 66,ZO01B/
DATA CODE(1, 6691)oCODE(2i, 66,1)tCODE(3* 6691)/ 5o 679Z0012/
DATA CaDE~i, 67#1)#CODE(2, 6791)#CDDE(39 6791)/ 6o 29Z0017/rDAT A CO)DECI, 63*1 )9CoDE(2s 68,1)9CODE(3p 6891)/ 7, 309Z0037/
DATA C3DEtl, 69p1)*CODE(2. 69*1)*CODE(3* 69,1)/ 8, lZ0036/
DATA C3DE(It 70t1)oCODE(29 70s1)*CDDE(3o 70,1)/ So 719Z0037/
DATA CODE(1, 71q1)oCODE(2* 7191)oCOCE(3o 71,1)/ 8. 72,Z0064/
DATA CODE(1. 72vt )tCODE( 2t 72,1ICGDE(3v 7291)/ 5, 73,Z0065/
DATA CODE(1, 73#1)9CODE(2s 7391)tCOD)E(39 7391)/ 4!9 749Z0068/
DATA CODE~i, 74,1)*C.JDE(29 74*1)oCCOE(39 7492)/ 8, 75,Z0067/
DATA C3DE(1.-75o1),CODE(29 7591)tCOOE(39 75,1)/ 9, 769ZOOCC/
D AT A CODECi, 76 91 ) oC JDE (2 9 7691)9CODE(39 7691)/ 9,* 779ZOOCD/
DATA CJDE(1. 7791),CODE(29 7791)tCCDEC3v 7792)/ So 78sZ0ODZ/
DATA CODE(I, 78#1)*CODE(29 7891)oCODE(39 7891)/ go 799ZOOD3/
DATA CODE(19 7991)#CODE(Ze 79*1)tCCDE(3o 79,1)/ 9o, 609ZOOD4/
DATA C3 DE (1s 8091 )tCGDE(2* 80,1)vCGDE(39 809L)/ 9, 81,ZOODS/
DATA CODECI, 81*1)#CODE(29 8191XhCOOE(39 8191)/199 8;'9Z0D6/
DATA CO)DEC It 82*1 )*CODE(29 82,1)-PCODE(39 8292)/ S9t 83.ZOOD7/
DATA CODECZ, 83*1)*CDDE(2* 83#1)9COOE(3v 8391)/ g, 849ZOOD8/

UNCLASSIFIED
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DATA C3:)( 1# 8491)CODE(29 84.1ivCOE(3i 8491)/9g, 85,Z0009/
DATA CDDE(1. 8591)9CODE(2s L591)tCCDE(39 85,11/ go 1369ZOODA/
DATA CDDE(1. 8691)9CODE(2o 86911,CODE(39 8691)/ g. 87,ZOODG/
DATA C30M(, 8791),CODE(29 8791)*CCDE(3, 8791)/ So 889Z0098/
DATA CODE(19 88#1)oCODE(2* 8891)*CODE(39 8891)/ So 89*Z0099/
DATA C3JE(1, 89,1)*CODE(2, 8991)oCODE(39 89o1)/ g. 91,ZOO9A/
DATA CODE(19 90,1)9COOEf2v 90.1)oCCDE(3t 9091)/ f-9 l3vZ0018/
DATA CODV(1. 9191)9CODE(2, 9191),CODE(39 9191)/ S. 92.ZO098/
DATA C3DE(1, 92,1h*CODSC2# 92913.CDDE(Ze 92.11/13,* 93,Z0002/
DATA COOE(1, 1,2)9CODEC2v 192)*CODE(39 192)/10, 65.Z0037/
DATA C3DE(1. 2,p2)*CDDE(29 292)*CODE(39 292)/ 3. 69Z0002/
DATA CODE(to 392)vCOOE(2@ 3#2)sCOOE(39 392)/ 2. 4,Z0003/
DATA CODE(i. 4*2),CODE(29 492).CCOE(39 492)/ 2. 5,Z0002/
DATA C3DE(ls 592)*CUDE(2, 5o 2)9CODE( 3o 592)/ 2. 2.Z0003/
DATA CDDE(1. 692),CODE(2, 692),CODE(3, 692)/ 4. 79ZOOO3/
DATA CODE(1, 7.2)sCOD--(2v 7*2)oCCDE(3* 7#2)/ 4, 89Z0002/
DATA C:DE(1, 8,2),C3Di(29 8,2)vCODE(3* 892)/ to 99ZO0O3/
DATA CODEC1, 9.2)oCODE(2, 9*2)*CCDE(39 992)/ 6# 109ZCOOS/
DATA CODEti. 1092)*CODE(2, 10,2)9CODE(3, 10.2)/ et 11,ZG004/
DATA C3OE(1. 11.2)*CODEC29 11*2).COOE(39 11.2)1 79 129Z0004/
DATA CODE(1, 12t2)*CODE(2, 1292)@CODE(3o 12o2)/ 7, 13,Z0005/
:ATA CODF(1, 1392)tCODE(Ze 13921.COCE(3, 1392)/ 7, 14,ZQOO7/
DATA C3DE(1. 1492)tCOOE(29,1492)oCCDE439 14#2)/ 8. 15VZ0004/
DATA C:Di2(1. 1592)#CODE(2* 1592).CQDE(39 15*2)/ 8, 16vZ0.jT/
DATA C3DE(lo 1692),CODE(2. 16,2)*CCDE(39 16.21/ 9, 17t40018/
DAT A CODE(1, 17 2 ) 9CODE (29 1792)tCODE(3t 17,2)/IC. l8*Z0017/
DATA CODECI, 1892)sCODE(2t 18*2).CODE(3, 18,2)/109 19tZOO1B/
DATA C3DE(19 19#2),CODE(2. 19s2).COOE(39 19.2)/10. 1.ZO008/
DATA CDOE(19 2092)9C3DE-(29 20*2).CODE(39 2092)/li. 21.ZO0b7/
DATA C3E(19 21.2) .CODE(2* 2192)*CODE(39 21,2)/Il, 22,Z0068/
DATA CODE(&* 22.2)tCOOE(2. 22*2)oCOOE(3, 22.2)/Il. 239ZO06C/
DATA CODE(1. 23*2)*CJDE(29 2392)*CODE(3. 23,2)/Il, 24,Z0037/
O 4T A CODE Is 24 2 ) 9CODE (2, 2 492) sCODE( 3 24,2)/Il, 259Z0028/
DATA CODE(1. 25.2)gCODE(29 25,2)v.COCE(39 25.2)/Il, 26,Z0017/
DATA C:DECZ. 2692).CODE(2. 26.2)*CCDE(39 2692)/l1, 27,Z0018/
DATA C0DE(la, 27.2)*CODE(2. 27.2).COOE(3. 279.2)/12P 28iZOOCA/
DATA CODE(1. 28.2) .CODF-(2* 2892)vCCDE(3s 2892)/129 29,ZOOCB/
DATA CODE(1. 2992)@CODE(29 29s2)9CODE(39 2992)/129 30,ZOOCC/
DATA CODE(lo 30v2).CDE(2% 30.2),CQOE(3v,30v2)/12, 31,ZOOCD/
DATA C:) V1 # 31.92) *CO;E ( 2* 31*2)*CCDE(3, 31,2)112. 32,ZO068/
DATA CODE(I. 3292)#CGDE(29 32,2),CODEC3# 3292)/129 339Z0069/
DATA C:)DE(1, 33t2),CODE(29 33*2)oCODE(3, 3392)/12. 34,ZOO6A/
DATA CODE(1, 34*2)tCODE(2* 3 4 92 ) CO0D E( 3 34921/129 359Z006B/
DATA C3ZCE( I 35#2) sCQDEC, 35#2) 9CODE(39 3592)112s 369 Z0002/
DATA C:) E( 1* 369 2)9CODE( 29 369 2).9CQDE( 3. 3692)/12o 37oZOOD3I
DATA CODE(1. 37.2)*CO(Zo 3792)9CODE(39 3792)/129 38,Z0004/
DATA-C3 DE( It 38,2),CODE(2o-3892),CODE(3.-3892)/ 12,p 39oZOOD5/
DATA CODS(1, 3992)iCOOE(2* 39*2)oCODE(3. 3992)/12* 40.ZOOD6/
DATA C3DE(1. 40,2),CODE(2* 4092)*CODE(39 40*2)/129 41sZOOD7/
DATA CODEfI, 4192)oCODE(29 4192)oCODE(3* 41.21/12. 42#ZO06C/
DATA CDD&(1, 4292)*CODE(2# 4292)oCOOE(39 4292)/129 43,Z0060/
D)AY A CODE(Is 43,2)oCODE(Zs 43#2)%CODE(3s 4392)/11 449ZOODA/
DATA CODECI, 4492)PCODE(2i 44*2)9CODE(39 44%2)/129 45*ZOQOB/
DATA C3DE(19 45,2)*CDDE(29 45o2)*CODE(3* 45.2)112. 46,Z0054/
D AT A C3lDE(U1* 46,2),CODE(2v,*46v2)vCOOE(3,v 4692)/~129 479Z0055/
DATA CO)E(l, 47,2)oCODE(2* 47#2)gCDDE(3. 4792)/129 48tZOO5b/
DAT A CODE( 1 48,2 ) #CODE( 29 48#2) .CCDE( 39 4892)/12# 49,Z0057/
DATA CODE(19 49,2)iPCOD~it 4992)tCCDE(39 4992)/12# 5sOZ0064/
DATA C:)DE( It 50,2)*CDDE(2* 5092).CODE(3* 50.2)/12, 519Z0065/
DATA CaDE(i. 51,2)*CODEC29 5192)*COOE(39 5192)/12# 52#Z0052/
DATA C3:)E(1, 5292)*CD&(29 5292)*CODE(39 52.2)/12. 53#Z0053/
DATA CODEC1. 53,2)PCDDEC29 53,2)*CODEC3, 5392)/12o 541Z0024/
DATA CDE(I, 54,2)vCODE(29 5492)tCOOE(3.-54,2)/129 559Z*037/
DATA CflDEC19 55,2),CODE(2, 55v2)eCODE(3, 55#2)/12v 56*43038/
D ATA CODE(l, 56,2),CODE(29 5692)tCODE(3* 5692)/129 57,Z0027/
D ATA C:):E( I" 5792)*CODE(2. 57'2)iCODEC3s 5792)/22, 589Z0028/
DATA CODEMi 58,2),CODE(29 5892)sCDDE(3o 58921/12, 59PZ0058/
DATA CODE(l* 5992),CODE(2* 5992)PCODE(3i 5992)/129 60#Z0059/
DATA CODEd.s 60,2),CODE(29 60,2),CODE(3, 60921/12. 61,Z002B/
DATA C3DE(1, 6192)tCOOE(2. 6192)#COOE(3, 61,21/12, 62#ZOOZC/
-DATA C3DEf1.-6292)vCQDE(2. 6292)*CODE(39 62,2)/129 63,ZOOSA/
DATA CODECis 63*2)*CODE(2. 63.2)*CODE(3* 63.21/12, 649Z0066/
DATA C:)DE(I. 6492),CODE(29 6492),CODEC39 6492)/129 669Z0067/
DATA CODEd.e 65o2),CODE(29 65*2)vC0DE(3s 65*2)/iC, 209ZOOOF/
DATA CO)E(1. 6b*2)oCODE(2. 6692)vCODE(39 66o2)/129 67sZOOCS/
DATA CODE(lo 67.2)sCODE(2s 6792)sCODE(3. 6792)/129 68*ZOOC9/
DATA CODE(!, 6892),CODE(2. 6892)tCODE(3* 68#21/12s 699ZOOSB/
DATA C3OE(1# 699.2 ) ,CODE (2 9 69.2) .COOE(3. 6992)/1211 70,Z0023/
DATA CODECI. 7092)oCODE(2i. 70v2)*ClODE(3* 70,21/12, 719Z0034/
DATA CODE~i, 71*2)*CODE(29 71*2)sCOOE(3. 7192)/12# 72,Z0035/
D AT A CODEdIv 72*2)*CQDE(Z. 72.2)9CGDE(39 7292)1--# 73#ZO06C/
DATA C3DE(I. 73.2) ,CODE(29 73#2),CDDE(39 73*2)/154# 749ZD06D/
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DATA CD3,E(1, 74#2)*C3DE(2v 74.2)oCODE(39 7492)/l13, 759Z04A/
DAT A CODE(19 7 5 *2)CO DE ( 2 7592)iCODE(39 7592)/139 76*Z0048/
DATA CODE(lo. 7692),CODE(29 76*2)*COOE(3* 7692)/139 77#ZO04C/
DATA COO (lo 77*2),CODE(29 77*2)*CODE(39 7792)/139 789L;304D/
DATA C33mC1, 78*2)ioCODE(29 78.2)9C00E(3, 7892)/139 79,Z0072/
ZDAT A C3)E(1. 7992 )aC COE (2 s 799.2) CODEC, 7.*2)113. 809Z0073/
DATA CO)E(19 3O.2)oCODE(29 80,2),CODE(3, 8092)/129 819Z0074/
DATA CO3S( It 8192),CODZ(29 81921'.CCDE(39 8192)/139 82,Z0075/
DATA CaDEa(1 52*2),CQDE(29 8292)sCODE(3, a292)/IZ* 839Z00761
DATA COD)Ed. 8.3,2).C30E(2, 8392)*CODE(39 83s2)/139 84,Z0077/
DATA C:DE(le 84#2,CODE(2* 84.2h*CODE(3% 8492)129 85*Z0052/
DATA CODEdi. 8592)*CODE(?.. 8592)gCCOE(3. 85.2)13. 86tZ0053/
D AT A 0 DE( 1 8692)oCDE(29 8692)vCQDE(39 86,2)113, 879Z0054/
DATA CDDECI9 8792)*CiJOE(2i 87*2)*CODE(3, 8792)/1!* 88,Z0055/
D)ATA CO:DE(1, 88,2)oCODE(2, 88.2)oCODE(39 8892)/139 89*ZOO5A/
DATA C:)DE(19 8 92)*CDE(2, 8992)oCOE(39 89ip2)/113 90,Z0058/
DATA CODE(1, 90*2)*CDDE(Zi. 90*2)tCOOE(3* 90ip2)/139 919Z0064/
DATA CD)DE( It 9192)tCCDE(2* 91*2)*COOE(3, 9192)1:!* 92*ZO065/
DATA COO)E(19 9Zs2)9C0DE(29 92*2).CO05C39 92,2)/113, 939Z0003/

DATA CJDERD(1,2).COD-ERD(2,2),CODERD(392)/ 29 39ZI/
L)AT A C3DEr-D( 1,3).CODERD(2@3) ,COOERD(3,-3)/ 3.949ZI/
DATA CD)DERD(l1,#),CDRD(2.4),CQDERD(394)/ Z959ZO/
DATA COD)ERD(1,5),COOERD(2.5).CODERD(3.5)/ 4*69Z1/
DATIk C:DDERD(1I.6)ipCODERD( 296) #CODERD(3,6)/ 2397122/
DATA CODERD(1,7),COD:.RD(2,7),COOERD(3,7)/ 1398*Z3/

0DEND OF OCEC UPRI'T PROGRAM LINES PRINTED= 1421

Vt

kil

UNCLASSIFIED



APENDIX M

pIEGRpAm FLOW CHART

FOR XEFoX ALGORITHM

-'A



Ai 0

BALM

STA-rj2.

2, 44

PAEU-



'ti4J =Ok-T

L-iIJ =ROLj

<~UA

-4,

3ozoA

QAA ~

_D~ =1

vis
PiM-Z

OEM=



Fr'i eoe t

i I rdxT o iAJ4HL 0L

~a.

44f LA~r 1'

Z'OL
WL I

VG yeE

I]



* ~ ., -I - '~* 4?.yes'

L 'k1

L I

yes .'



F95MCC~er) U1C

~W~rPc,4.j-U

A-LV4AJ r

F(Cfl0D 114

v iLJQ

Pe~e-~cn4
L~JTRtt AS

<NO #A-M4

46:L~~ .A~H ~A

-.0-ro ')

A 7UTJ~Z kE~T

M-5



4

APPENDIX N "

COMPUTER PROGRAM CODE LISTING

XEWJX ALGORITHM

A

t6



STAIT OF DCEC UP.RUNT PROGRA4 DSNAME=000Zl*XERQX.FORT
C PROGRAM XEQX

I mPL ICIT-1NTEGE~tA-Z)
REAL CF39CF4*ERRATE

C******* LAdL3-..E) CO,4.4rN /G32B17/****
C

CO 14MJN /G 32 51T/%iASK (32),COMASK (32) 9LI B IT (3 2) L Z8 1(32)

C tNT--GER 4SKCO4ASK9LIBIT#LZsIT

OTBJF(6092)sSTF8UF(240)* STAT(3000)
COM'4ON/,JFF/CODX(3.92,2J.CO3)ERD( 3.93) .PREOCT(120)
COMICN/ERAY/ERRORS(2500)
C***********.***.~FILE DEFINITICNS **********

COMMULN/FI LES/TS.RM.LPFIL.PELFILOTF IL, EFFIL
C,

C************t***LABELLED COMMON VARIABLES ***********
C

CO.'4MQN/I VAR/P&'I4AX.VR' S.EPHASE.CMPMAX.ERRMOD.LtNMAX.K
COMMY3e/PVAR/INL.NNO.TLNNO.OTELW, XNELP. CD:I-POTELPCDELW9

* CDELCT.INELCTTCDATATCELSRi..NT.ERRCFF.ENRLIM,
* ERRCNT, INLNCT,CONSECLNNO9F.B1CNT.
* INC0JOINREF9CTCOD9CTAEF9STFBIT

CO.'40,O/ICHAR/oo, LI *MM, TT,NN, YY

LOGICAL SEARCH,O1AG.SYNC.WRITE.LEFTCHCOL.CNE

C READ INPUT P4RANIETERS
100 FORmfiT(IsPARAIETERS: INPUT(=I)o OR DEFAULT(=D)?*)

READ(TE-RAq.10,&.RR=90) INSW
110 FORi4AT(A1)IIF (INSWoEaeDD) GO TO 315

IF ( INSN NXeI I) GO TO 90

C

114 VWRITTERhM*11S) - --- -

115 FORMAT (- SIAGN.)STIC PRINTCUT? (Y CR N): *
REAO(TERA#4110) INSW
IF(XNSW.EQ*YY) GO TO 116
IF(INSol*EO.NN) GC TO 120
GO TO 114

116 CONT 1.4UE
DI AG=. TRUE.

C READ MAXI'4U4 NUMBER OFP DELS PER LINC
120 CON .T IN UE

WRITEC TERM,130)
130 FORMiATC'SENTER 14AXIMUM NUMBER OF PELS PER LINE: ')

READ(TERA9140PERR=120) PEL.AAX
140 FORMAT(14)

ZF(PELMAX.GE.1.,ANDePELMAX.LE.1728) GO TO -160
WRITE(TERM9150) PE LMAX

153 FORtAT(OQNUM8ER OUT CF RANGE (=*,169')*)
GO TO 120

C READ VERTICAL SAMPLING

16 CONTINUE

WRITE(TERNI,170)
170 FORM4AT(4$ENTER VERTICAL SAMPLING: 0)

REA;O(TER4o,180vERR=I60) VRES
180 FORMAT(12)

IF(VRES.GE*1.ANO.VRES#LEo10) GO TO 190
WRITE(TERMP150) VRES -

GO TO 160
C
C READ PARAMETER K...........-'-

190 CONTINUE
'NRITEC TERM* 192)

192 FOR'4AT(IsENTER PARAMETER K: 8)
READ(TER'49140o.ERR=I90) K
IF(K.GE&1.ANDoKeLE.s3000) GO TO 200
WRITE(TEqM.4150) K
GO TO190 .- .

C
C READ ERROR PATTERN PHASE
C

N-1 L~~PE
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200 CONTIN'U=
WRITE(TER-4*21O

210 FORMAT(ISENTER ERROR PATTERN PHASE: 0
REAL)(T ERM 220 9ERr,=2()O) EPH-ASE

220 FO ;MAT(11
IF(El-HAS- .GE.0.AN).EPHASELE.3) GO TC 240
WRIT=( TERM.150) EPHASE
GO T3 200

C
C READ -MINIMUM COMPRESSED LINE LENGTH
C

240 CON~TINUE
WR ITE( TERM*. 250)

250 FOR4AT(OEN.TER MINIMUM COM4PRESSED LINE LENGTH: 1)
R42AO%(TER'49140%ERR=24O) CMPMAX
IF(C\PMX.GE.70.AND.CMPMAX.LE.1728) GO TO 320
WRIT":(TERM* i50) C-MPMAX
GO T5 240

READ NUMBER CF SCAN LINES TO BE PROCESSED
320 CONT INUE

WRITl( TERM 330 )
330 FOR4AT(OSNUIBER OF SCAN LINES TO BE PROCESSED=? 4

AEAD(TER4*1409ERR=320) LINMAX
IF(LINMAX.GE.I.ANO.LINMAXoLE.3000) GC TO 280
WRITE( TER4. 150) LINMAX
GO TO 320

C READ ERROR MODE
C

280 CONTINUE t
WRITE(TERM,290)

290 FORMATCISERROR MODE=? (M=MANUALT=TAPEvN=NO ERRORS)*)
READ(TE:R44,110ERR=28O) ERRMD
IFCERRMOD*E0.MM) GO TO 300
IF(rERRMi0O.EQ&TTJ GO TO .315
IF(ERRA400.NE*NN) GO TO 280
GO TO 350

C
C READ ERROR TOAETIL ANNPS
C

305 CONTINUE

ERRLI!4=ERLI
316 READI(ER4*L,308,END=317)ERRCRSERRIM

EFRRRSEI)ER(RR LIM)4-ERRORSCERROLTO-31
ER RL I M=ER RLIM + I
GO TO 3065.

37ER RLIM =iR RL IM- I
350 COT3NU

C

360 CO NTINUE=

C
RED(ERFIL3190 37 PEMA.RRESKERRLMAS)MMXLN

300 FOAMAT('INP6 PRMTES'
ERR S( *R *tAI M NUMBR RS(ERR LIOF PEL S ER RR LN I -
ERLI='RVRICL SMLN:N,4

31 OELM=-RRORPATENPHSE ',4

35 CONTIOFNANUNEEO EPRCSSD ',6

310 FORNTNUE ROS NE~E'
C WIT(ERRINPUTPARAMETERST(EM10 EROSI.1ERI4

WICERRMDD.EQ.T) WRITECTVEM.420) HAERRLMPMXLN
400 FOIZAT(OIINUNCLASSIFIED:-

IOMAXIMUA ~~N 2UBRO ESPRLN=#6
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421 FORMATCII2,' ER~RORS OBTAINED FROM E-RROR TAPE@)
C*******s**.*****3Z-GIN PROGRAM**************.****

C
C IMITIALI ZE
C

TCDEL=O
TC DA TA =0
ERRPN4T1
ER RC N4T=
INLNCT=O
ER ROFF=EP HAS 2*13 24
CDELC T32
OTELP= 1
CDELP=32'+ i
CONSEC~l
INIEFl
I NC53= 2
OTREF= 1
OTCOJ=2
STFBIT=0

PR EB UF=0
C Z

DO 800 11.o240
STFc3UF ( I )=0
CDL*UF( I)=0

800 CONTINUE
00 3S-0 11*60 al
OT BUF (I, OTREF) =0
OTBUF( IDTCZOD)=0
PF5Lt3UF (I s INREF)=0

80PELSUFtI 9INCOD)=0

SE-ARCHi. TRUE.
SY NC=* FAL SEa
WRITE= .FALSE*

C
C SEARCH MOZ3E: LCOK FOR EOLl 3IT-BY-BIT
C
900 CONTINUE

CALL GCETLX((12sMODE#LoSITSL)
GO TO (910#930,9109920)oMODE
STOP 900

910 CONTINUE
C
C EDOLl NOT FOUND; ADVANCE POINTER AND TRY AGAIN
C

CDELP=C:ELP+ 1
GO TO 9f00

920 CONTINUE
STOP 920

930 CONTINUE
C
C ECLI FOUND
C '

SE AR CH. PAL SE
CD EL P=CD LP
IF(WRITE) GO TO 935
WRITS=*TRUE*
GO TJ 960

935 CONTINUE
C
C SET OUTPUT DECODE LINE TO 0 AND WRITE OUT

DO 960 1=1960
OTBUF( I*OTCOD)=0

950 CONTINUE
WRITE(OTFXL) O3TLNNO.*PELM4AX,(OITBUF(I,OTCODI)11.60)
OTLNNO=LNNOBF --

960 CONTINUE
IF (NODE--2)965 10009900I: 965 STOP 965 --

C
C PERFORM ON'z-DM'ENSO0lA- DECODE OF A COMPLETE LINF
C FIRST,SET OUTPUT BUFFER TO wHITE

C (ONLY aLACK RUNS WILL BE INSERTED)
DO 1010 1=1,60
OTBUF( 1.OTCOD)=0

1010 CONTINUE

INDEX=3UNLSFID-
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OT LP= I
C

10 CONTINU=
12 CALL tCEXOX(IND=-X.CCGLOR.STATU3.L)

GO TO (I,)3O,1'7),1070,1035,1040),STAT(JS

STCP 10005

c RUN ADDEC; CHECK LENGTH OF OUTPUT LINE
C
1030 CO NTIN UP

ONE=.TRUE.I 1031IFCJTELP-1-PEL%4A) 10319303291050
101CONTINUE

IF(CHCOL)COLOR=MOD(COLOR4292)+1
INOEX=3
GO TO 1020

3000 CONT 14UE
C
C PERFOR4 TWO-DIMENSIONAL DECODE
CK UN WLLBEINERED
C FIRST, SET OUTPUT BUFFER TO *HITE

C (NL 3ACKRUS IL BEINERED

C

3020 CONTINUE

CLTWKNOXCOLOR.SAUSL

GO T3 (303091070,1070,.10359104O) .STATUS-
S1 2 3 4 5

STOP 3000IiC
C RUN ADDED; LOOK FOR 4EXT RUN
303 CONTINUE

CNE=.FALSE.
IF COTELP-1-PELMAX) 30319303291050

3031 CONTINUE
INDEX1l
GO TO 3020

c LINELENGTH = PELMAX; FIRST CHECK FCR ECL2

C

GO BTS.EO.CODERD(3,5920))GODTE15

C
C F NOT AN ISE;3OL2 D 92 )G O15

C
C NOT LANT ELA;CEKFRFL CKFREL
C

1032 CONTINUE - .

ZERC=-1
1033 CONTINUE

ZE RO=ZERO+l
CALL GETLX( .h'CDE9L8ITSoL)

GO TO (103491050,1050#1050),*MODE

C -- CH'-CK FOR FILL - .-

C

C1034 CONTINUE
C DELP=C D E1.P + L
IF(&-.3TS.EU.O) GO TO 1033

C F'&-O.-EIO) GO TO 1070

C EOLI F )UND

MODL 2
GO 11)6 0

A S S SI r lE
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C PREMATJRE EOL DETECTED
C
C
C ECLI DETECTED
C
1035 CONTINUE

CD ELP'= CDELP +L
ST ATUS=4
IF(CJTELP*LE*5) CONSEC=CCNSEC+l
IF(CONSEC-2)10809I000, 2000

C EOL2 CETECTED

1040 CONTINUE
CDELP=CDELP L
STATUS=5

GO TO 1080

05 STOE LEGT0 CRR0T EOL DETECTE: PROPERLY; WRITE CUTPUT LINE

CTLNNOULNNO:3F
CONSEC=1
IF(ONE) SYNC-.TRUE.
TEMP=OTREF
OTREF=OTCOD

IF(.O~oT:A2 GO TO 1000
GO TO 3030

C - .- .- -.. . _1

C LINZ TOO LJNG OR NO MATCH
C
1070 CO NTIN UE

WRITE=*FALSE*

* C LINE SHORT
C
1080 CONTINUE

IFC.N,40T. SYNC) Go TO 1090
C
C WRITE LAST GOOD LINE
C

WRITE(OTFIL) OTLN'J~PELMAX(TBUF(li.CTREF)s.I1,60)
SY NC=*FALSE.
GO TO 1110

1090 CONTINUE...........- .-... . ..

C
*C WRITE A WHITE LINE

00 1100 1=1. 60
1101 OTclUF(I*OTCQD)=0

WRITE(OTFIL) OTLNNO.PE-LMAX, (OTBUF( I OTCOD),1=1,60)
1110 OTLNNO=L'N3F

IF(STATUSoEQ*4) GO TO 1000 -

SEARCH~oTRUE*
GO TO 900

C
C END OF MESSAGE

2000 CONTINUE OFESAEETCE (.2'EL'))
WRITE(L2FIL,2010) CONSEC

C
C REOTCOMPRESSION FACTOR* ERROR SENSITIVITY FACTGRpBIT ERROR RATE
C

ERRATE=FLOAT(EP'RCNT)/FLOAT(TC'DEL)
WRITE(LPFZL*220) TCDEL.TCOATA..INLNCT9ERRATE

2020 FORMAT(0OTOTAL NUM~BER OF CODED BITS = *#IS/
* 0.TOTAL NUMBER CF CODED DATA BITS = 0918/

9 'TOTAL NUMBER OF INPUT LINES PROCESSED #918/
* 'OBIT ERROR RATE = 99G14*6)

C
CALL STATS(STAToINLNCT9DIAG)

N- UNCLASSI FIED
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CF3=FL0l4T(2EL.4AX)*FLCAT(INLNCT)/FLaAT(TCDEL)
CF4=FL-CAT(PSLMAX)*FLOATC INLNCT )/FLOATCTCDATAI

WRITE(L3FIL92030) CF39CF4
2030 FORMAT(40COMPRESSION FACTOR FOR G3 MACHINE (CF3) =09F8.4/

* 'OCOMPRESSION FACTOR FOR G4 MACHINE (CF4) =l*F8*4)
C

CALL ERRNES(PELa3UFOTdUF.PELMAX.VRES.ERRCNT)
C

ST C?

SJiROUTINE GETLX(LtBITS*MrOOEoWROL):1 IMPLICIT INTEGERCA-Z)
C******* L.ABE..ED COMMON /G328IT/****

COMM4ON /G328IT/4ASK(32),COMASK(32) ,LII3IT(32) ,LZ8I1T(321
INTEGER MASK* COMASK oLIBIT9LZBI TIC
CO44ON/SUFF/PREBUFPELBUF(6092),CDSUF(240),

* OTBUF(6092 ),STFauF(24O)% S7AT( 3000)
COMON4/HUFF/CODEC3,92.2)PCCDERO(3.93).PREDCT(128)
COAM, ON/ERAY /ERRORS ( 250 0)I. C*****************LABELLED COMMON VARIABLES ***********

COMMON/I VAR/PELMA * VRES, EPHkASECMPMAX, ERRMOD iLlNMAXI(
COMN4/* VAR /I NL NNZ)OTLNNOs ,'EL W vINEL P 9COEL PoOTEL P 9CDEL f,

* CDELCTINELCT,'COATATCDELERRPN'TERRCFFERRLIM9
* ERRCNT.INLNCTCONSEC,.LNNC8FBICNT.

2 *INC:DINR'F,OTCOoCT;IEFSTFBIT
COMMON/ICHAR/D.IIfMMgTT*NNVYY
CO MMON/-.OGI C/S EARCH D IAG SYNt.sLSS, W I TE,*ZERO*LEFT*CHCOILONE
LOGICAL SEArCHDIAGSYNCWRITE.LEFTCHCOL.ONE

C***********************bEGIN PRCGRAM**************
C

I4ODE=4
C
c RETRIEVE NEXT SIT FROM COSUF
C

100 CONTINUE
C
C EN CO DE A NEW LINE IF NECESSARY

C IF(LBITStCDSLP-1.LEDCDELCT) GO TO 200

IF(COELCT-COELPO-13 170,190,180
170 STOP 170
180 CONTriNUE

STFB.JF ( I)=1 48( STFc3UF9C DELP 9CDELCT-C OELP+1
190 CONTINUE:

CDELP= 32-(COELCT-CDELP)
CALL ENCOOX

200 CONTINUE:
WR0=143C STFBUF9CD2LP&LBITS)

IF(L.EQ.12.AND.WRD.EQ.COD6:R0(3993))GO TO 500
.250 CONTINUE

MO0Ii~1
RE TURN

*300 CO NTIN UE
MOOE=2
RETURN
END
SUBROUTINE ENCODX

C
IMPLICIT !NTEGER(A-Z)

C******* LABSLED COMIMON /G323!T/****

~1C COMMON /3 3281 T/MASK (32 )9C OMA SK( 32) LI BI T(3 2) 9L Z8IT (32)
INTEGER MASKoCOMASKLIBITvLZBIT

C
CO4MON/BUFF/PREBUFsPELBUF(6092) ,CDBUF(240),

* OT8JF(60v2)9STFBUF(240), STAT(3000)
COMMO4N/NUFF/CD)DE(3,92,2),CODERD(3,Q3).PREDCT(128)
CO 41 ON/ERAY/ERRORS ( 2500)1
C****************4'FILE DEFINITIONS **********

C
COM.40N/FILES/TER-MLPFIL, PELF IL.OCTFIL EF FIL

C****************LABELLED COMMON VARIABLES ***********
C

COMM1ON/I VAR/PELM4AX .VRESEPHASE.CMP'4AXERRMOO.L INMAX ,K
COM4MON/VAR/INLNNOTLNNO.TELW INELPtCOELPpOTELP9C0ELW*

N-6 UNCLASSIFIED
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CaELC.^rINE-LCTTCDATATCOELERRPNTERROFFERRLIM,
* ERFICNT. INLNCT.CONSECLNN08F,81CNT,

I INCOD I NREFr-CTCOD*OTREFeSTFS IT
CC-AMON /ICHAR /DD, I 19MMTT*NNYY
CO !4MON/L.OGI C/SEARCH.D DIAG* SYNC 9LSS, WR IT Es ZEROvL EFTvCHCOL9 O NE
LOGICAL SEARCH.DIAGSYNCWRI TE.LEFTCHCOLONE

C

C INITIALIZE VARI#48LES
C

CDELCT=32
CDDA TA=
DO 50 1a2,240
CDE!UF(I)=0 - -

STFBUF (I )=0
50 CONTINUE

C
C ROAD OUPUT PIN NTUMER F UFFLR
C

100 CONTINN

IFCINL(NN.ENMAXVES*) G TO 140

C
12 ONOTNUTIENMBRBFE

130 OTINN

GOILNOL*l~4X GO T004
C
C FRITE OFX KLINES
-C.

140 CONTINUE
DFOD(NNT1K. 0 GO TO=600

--- CALL CO3EX(091,COELCT*CDDATA)------

DOL135 1=6

C
C TIST COLO OK LIST L N
C

IF (MOD(I NLBUF(1 vK)NE* 01..) GO TO 600

C FIST SDMENT BLALCO;DNCOE0LNTGHT U

C

CALL CO)LRCO. 1COELCT9CDDATA)
POLAR2l

C
C.T CALCLTERU LFNIRTH ANEMENCO
C

IF(PEL.PELAR)*14D~oo)* O GO To 180

CALL XCODLR(RUNPO)LARCDLTDATA)

C. RCLTULTERUNLENGTHUNOENRCOECTDAT
16c OMT48
170 CONTINUE -

R UN. I

CALAR=MOD(PLR+2. 2)CEL40DTA
GFON T&.] G 200O17

N7 UNCLASSI FIED
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I8(' CONT1'4UE
RU N=RU N4

200 CONTINUE
CALL XC3DLR(RUN9PDLAR*CDELCT9CDOATA)7 81 CNT=CDELCT

C SAVE LINE LENGTH(DATA SITS + EOL)
C

ST AT(CINL.NCT )=CDDATA+CCD-RD( 1. 93)
IF(.NiOT.DIAG) GO TO 210
WRITE(TER4#,160) RUN,POLAR,C:)ELCT*CDDATA
GO TO 210

C
C TWO-DI.4ENSIONAL CODING

600 CONTINUE
C
C WRITE ONE EGL2
C

CALL COMEX(0.2*COELCTtCDDATA)
C

RUN=O
DO 700 I1,PELMAX
PEL2x~I4B(PELSUFCI.INCOO),I-2.2)
PELI1I4tB(PEL8UF(1,INRE-F),I-2,5)
CALL M123(AELI.PEL293i-695)
PEL2P1 =PELZ+l
IF(PREDCTCPEL2P1).EO.145(PELBUF(1.INCOD).II))GC TO 680
CALL CODEXCRUNO,9COELCT*CGDATA)
IPC.NOT.DIAG)%'O TO 670
WR ITE( TER Mo 160) RUN9 PEL2,9COELCToCDDATA

670 CONT IN.I
RU N=0
GO TO 70 0

650 CONTINUE
RUN=RUN+ 1

700 CONTINUE
C
C SPECIAL CASE IF LAST PEL ON LINE IS PREDICTED CORRECTLY;
C FORCE AN INCORRECT 3REDICTION AT PELMAX + I

IF (RUN ) 705.v740 9710
705 STCP 705
710 CALL CO:)EX(RUN,0,C0ELCT*CDDATA)

IF(DIAG) NR1TE(TER4#1e0) RJNPEL29CDELCToCDDATA
740 CONTINUE

81 CN T=8iC.NT +CDELCT
C
C SAVE LINE LENGTH(DATA BITS PLUS EOL) f
C

STATCI N.NCT)=CDDATA+CDERD(1,92)
210 CO NTIN UE

C
C SWITCH CODE £REFERENCE LINES
C

TEMP.=INREF
INREF= IN COO
INCOD=TEMP

C
c TRANSFER CDSUF TC STFBUF
C

CDEL =(C:)ELCT +32-1 ) /32
DO 240 1=2,CDELW
STFBUF(I)=C)BUFC I)

240 CONTINUE

jC CHECK CODED LINZ LENGTH
C

FILL=O
IF (MOD (li,'LNCTK) .)oOFILL=K*( CMPMAXt32)-BICNT
IF(FILL) 400.4009250 -

C CODE LINE TOO SHORT; FILL IT TO CMPMAX
250 CONTINUE

CDELCT=CDELCT+FILL

C ACCUMULATE STATISTICZS AND ERROR CORr<UPT

C0a * CONTINUEGOT39

UNCLASSIFIED
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C
350 CONTINUE

ERRS ITxERRKflS( ERKRPNT)-ERROFF-TCDEL
IF(F.RBIToL" 90) GO To 360
IF(ERR13ITeGToCDELCT-32) GO TO 390

C
CERROR IN RANGE OF CODED LINE: CHANGE APPROPFIATE SIT

c
81 T 14B( STFeUF,0ERRBIT*32,p1)
SIT-%iO(BTI+l2)
CALL MI2B(51T9STFSLAFERR8IT+329i)
ER RC.NTERRCNT4I

C
C INCREI4ENT ERRC2R LIST POINTER
c

360 CONTINUE
ERRP4NT=ERRPNT+1
IF(ERRP4TeLEoERRLIM) GO TO 350

cC ERROR LIST EXHAUSTED
C

ER RPNT =S RR NT-i
WRITd(LOFIL9370) ERRPNT9ERRORS(ERRPNT)

370 FOS74AT('OERROR LIST EXHAUSTED AT991i09'TH ERROR;*/'
* LAST ERROR OCCURRED AT09i0,' BITS')

ER RMOD=NN
C
C COMPUTE STATISTICS
C
390 CONTINUE

TC DEL=TCDEL +CDELCT-32 -- - - -

TC OAT A=TCOAT A+CDOATA
C F(DIAG) WR!TE(TERM,160) INLNCT9 CDOATA 1

IF (.NOToDIAG) GO TO 4.60
CDELW=CCDELCT-32-li /3:
WRIT.:(LPFIL*450) (CDBUF(I)9I=l9COELW)

50WRITEULPFXL945011 (STFBUF(I)sI11.CDELW) -

460 CONTINUE

C RETURN-

500 CONTINUE

~C CALL EXIT-

SUBROUTINE CODEX(LENGTHs MODE 9CDELCTiCDATA)
C IMPLICIT INTEGER(A-Z)

COMMON/BJFF/PREBLFPELBUF(602).CDBUF(240),
* OTBUF(6092)*STF5UF(240)9 STAT(3000)

CO.4MON4/HUFF/CODE(3.92, ZJCODE-RD(3,93) ,PREDCTC.128)
COMMON/ERAY/ERRORS( 2500)

C
*C************************BEGIN PROGRAM************

C
C INITIALIZE MAKE UP CODE, MAKE UP CODE LENGTH

MCODE= 0
ML ENG'=

C

IF(MODE.LT.0OR*MODEoGT*2) CALL EXIT
IF(LENGTH.LT.O.OR.LENGTH.GTol728) CA~LLEXIT
IP(MODE*GT.O) GO TO 50

C.

C IFCLENGTH.LE.@63) GO TO 10- --

C CALCULATE MAKE UP CODE INDEX9 CODE* LENGTH
C AND WRITE TO CODE LINE............- -

C
INOEX=LSNGT H/64+64
MCODE=CODERD(39INDEX)
ML EN G=CO DERD0( 19 INDE X)
CALL M123(MCODECOBUF, CDELCT+1 .MLENG)
CD ELCT=C DEL C T.4LENG
CD DAT A=CD DATA ML EN G

C
C CALCULATE TER41NATING CODE INDEX# CODE, LENGTH
C AND ADD TO CODE LINE
C

UNCLASSIFIED
N-9
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10 CONTINUE
INDEX=MOD (L.ENGTH* 64) +1
TCOD=COD ERD(39 INDEX)
TL EN G=CO DER NC 1 9 INDEX)
CALL 412t(TCOD~tCDUFCDELCT+19TLSNG)

fCDEL CT =CD)ELC T 4TLE NG
CD DATA =CDDLkTA +TLEN1G

C
RE TURN

C ADD ELJL TO CODE LINE

50 EP=94-MOE .OE

CD=ELCT-C:DELCT+CODERD(i siMODEP)
C

RE TURN
C

SUBPOUTI NE ONEXOX( INDE:XCOLOR, STATUS ,L)
IMPLICIT INTEGERCA-Z)

C******* LALBELED CO04MON /G32B1T/****
C

COMMON /532e1T/MASK(32jCCMASK(32),LIBIT(32)sLZBIT(32)
INTEGFR MASK*COMASKLIBITLZBIT

CO.4MCN/UFF/PR=BJPPELBUF(60,2),CDBUF(24O),#
* OTgUF(b0*2)*STFBUF(240)9 STAT(3000)

COM444.4/iFF/CDE3,922)CODERD(393).PREOCT(128)
COM,*4L]N/ERAY/ERRORS (2530)
C******************FILE DEFINITIONS **********

CO'4ON/FILES/TERM, LPFIL.PELFIL.DTFIL .ERFIL

*CDELCT. 91NELCT ,TCDATATCDEL 9EFRPNT9 ERROFF9 ERRLI Ms
* ERRCNTINLNCTCONSECLNNOBFB1CNTs
* INCUiDINREFPOTCOD,OTREFSTFBIT

CDMMON/IZHAR/D.I IMMmTTsNNvYY
CO)MMO,-4/LOGIC/SEARCH-IDIAGSYNCLSSWRITEZEROLEF1,CHCDLONE
LOGICAL SEARCH.oIAGSYNC. WRITELEFTCHCOL.ONE

C
C**********************BEGIN PROGRAM**************

C

*C BEGIN DECODE LOOP; RETRIEVE NEXT CODE WORD LENGTH (L)
C
1000 CONTINUE
1002 LENBIT=:ODE(1o,ND=X,COLOR)

CALL GETLX(LE-NBIT9,MDDE9LeITS9L)
IF(DIAG) OIRITE(TERM91003) LENBITMODEvLBITSL

1003 FORMAT (216.oZ89 16)
GO T'- (104091200.1205911rz0)i MODE
STOP 10~40

1040 CO NT INU=
IF(LBITS.EQ.CODE=(3.INDEXCOLDJR)) GO TO 1100

C
C NO MATCH; ADVANCE CODE WORD INDEX VIA DECODE THREAD

INDEX=CO:DE( 2o INDEXCCOR)
IF (INDEX& GE.93) GO TO 1190
IF(CODE(1.INDEXCDLOR)JFQ.LENBIT) GO 7TC 1040

C CODE WORD LONGER; FROM THE TOP

GO TO 1002
* ~~~C --- . . . .

C RATCH FOUND

1130 CONTINUE
CD EL P=CD ELPL

C NOT AN EOL
C

C TEST FOR MAKE UP OR TERMINATING CODE
C

RUNLEN=INDEX-1

UNCLASSIFIED
N-i10



VNCLAS3IF I ED
IP(INOEF.iffo65) RUNLENN( INDEX-64*
IF(RJNLINel[Q*0) GO TO 1160
IFICOLUR~dJol ) GO TO 115
IF(RUNL114oLT*0) STOP 1100

C
c AJ0 BLACK RUN TO OUTPUT eUFFCR
C

00 1150 IulRUNLEN
CALL *4I2U(COLiR-1,0OUP(l.OTCOD).OTELP.1I
OTM.P=UJT:LP ~
IP(OT9LP-l*GToPlLMAXl GO TO 1180

1150 CONTINUE
GO TO 1160

C
C ADD WHITE RUN TO OUTPUT BUFFER (BY DEFAULT)

1155 CONTItNU!
OT EL OUTILP RUNL EN
IF(OTELP-1.GT*PELMAX) GO TO 11850

C
C OUTPUT LINE LESS THAN OR SQUAL TO MAX SPECIFIED
C
1160 CONTINUE

IFCINaS~eLTo65) GO TO 1170
INDEXs3
GO TO 1000

C
C RUN ADDED TO OUTPUT -.INC; LENGTH LESS THAN CR EQUAL TO PELMAX (1)

1170 CONTINUE
CHCOL.C TR UEo
ST ATUS-1
RETURN

C

c RUN AJOED UNTIL PELMAX EXCEEDED; LINE TOO LONG (2)

IF(DtAG) WRITE(TERMol185) (OTBUF(I*OTCOD)olnl*60)
1185 FORMAT(6Z10)

STATU S-2
ACTURN

C NO MATCH FOUND IN CODE TABLE (3)
C
1190 CONTINUE

ST ATUS=3
RETURN

C
C EOLI DETECTED (4)
C
1200 CONTINUE

5TATUSu4 .

RETURN
C
C- EOL2-DETECTED 45) . . . .

C
1205 CONTINUE

STATUSw5
RE TURN

SUBROUTINE TWDOX( INDEX. COLORoSTATUS*L)
IMPLICIT INTEGERCA-Z)

C******* LABELE COMMON /G32B1T'***4 .-

C
COMMON /G3251T/M4ASK(32).COMASK(32).LIIBIT(32).LZDIT(32)
INTEGER MASKsCOMASKLInIT*LZ8!T

C
COMf4/BUFF/PREDUFoPELUUF(60* 2) CDSUF( 240)

* OT8UFfbO.21* STPLJUV(24019 STAT(3000)
COMMONA4UFF/CODE(3.92.2) .CODERD(3.93) .PREOCT(128)
CO.4MCN/ERAY/ERRORS(2500) .

C****************** ILC DEFINITIONS ****~*****
C

COM4ON/FILCS/TEQM9LPr LsPtLrILsOTF1Lo,!IF1L
C c.*.....*..*.....LAIMLLEo COMMO0N VAnIABLES *~******~~g
C

COMMON/I VAR/PEL?4AX vVI4ISPNASE*CMP'4AX*ZRRMO0*t ?N$0AX*K
CO1O/V~/N N*TNUOE~ INELPCOELPOtFLP.COELW*

* CDELCT, !NELCTTCDArA.TCDEL,%RrPNTERqCFrERtLRM%
* ffRRCNTtININCT~flNSfC vVN08PoS1CNlt*
* I~NCODv NREFoTCOD*C?!WI'%!TVltT tLISPF'



UNCLASS IF IED

CCMM ON/ ICHAR/ DO, II, M4,TT,NNoYY
COMJN/LOI C/SEARCH 90A GSYNC LSS,WP ITEiZERO* LEFT 9CHCDLs ONE
LOGICAL SEAPCH.DIAG. SYNC.WRITEiLEF fCHCOt.,CNE

C
C 3EGIN DECOL)E LUOP, RETR.IEVE NEXT CODZ' %CRO LENGTH (L)

C
1000 CONTINUE
1002 LENt3IT=CO C 1I, I'4'EX)IiCALL G--TLX (LN-tBIT.MODELITSL)

IF(DIA3) WRIT~aTEFM%,1003) LLN9IT,MODE9L61TS9L

GO TO (104091200,12C05,1190)o M4UDE
STOP 1040

1040 CONTINUE
IF(LEITS.EQ.CODERD(39INDEX)) GO To 1100

C NO 4ATCH; ADVANCE CODE iWORD INDEX VIA DECODE THREAD

IN DEX= CO DER N 2. INDE X)
C IF(INDEXaGE%94) GO TO 1190

IF(CODER.3(1*.NEX).E~oLENBITe) GO TO 1040

C

GO TO 1002

C MATCH FOUNDI C1100 CONTINUE
CDELP=CZDELP#-L

C
C NOT AN EOL
C
C
C TEST FJR MAK.E UP OR TERM4INATING CODE
C

RUNLFN=INDFX-1
IF( INDEX. GE .65 )RUNLEN=(INDEX-64) *64
IF CRUNLEN )111O. 1155. 1140

10 STOP 1110IC
C ADDRUN OF CORRECT PREDICTIONS TO OUTPUT LINEI PELI=I4r(OT8UF(1,JTREF),CTELP-2-S)

CALL M126W(EL19PE-.2932-695)
PEL2PI =PEL2+1
CALL M12B(P!IEDCT(PEL2P1),OTBUF(1.CTCCD),CTELP.1)
OTELP=OTE-LP+1
IF(OTELP-1.GToPELNIAX) 6O TO 1180

1150 CONTINUEIi IF(INDEXoLT*65)GO TO 1155

C

1155 CONTINUE
IF(GTELi34E~oPFl-4AX+l) GO T3 1160
PEL2=143(OTBUFCI1,0TCOD).OTELP-292)
PELI=I48(OTBUF(1,2?TREF),OTELP-295)
CALL MI2B(PE'L1.PE-.2932-6,,5)
PEL2PI =PEL2+1
PEL=PREDCT(PEL2PI)
PEL=MOD( PLL4-I .2)
CALL 4.2(ELOT5JF(1.OTCOD).OTELP.I)

IF(JTELa- TPLtA)( 1180

C RJN "))EO I ' -JUl L IN', -.uTH -LE-: - THAN CR 'EQU AL TO PELMAX (I)

I I C'JNTINU
,TATUS1 I
4 ED~A)& ~ '-.A(~A~ ; Ll'4r '1,13 LCNG (2)

11 ~E'".H OTUF( ' (0 .I~~6C)UNCLASSI F IED



UNCLASSIFIED

STATUS=2
RE TURN

C
C NO MATCH FOUND IN CODE TABLE (3)
C
1190 CONTINUE

STATUS=3
RETURN

C
C EULI DETECTED (4)

1200 CONTINUE
ST AT US=
RETURN

C

1205 CONTINUE
STATUS=5
RETURN
E ND

BLOCK DATA
C

IMPLICIT INTEG3ERCA-Z)
C******************FILE DEFINITrciOs *******t*

C
CCM.40N/FILES/TERMLPFILPELFIL.O'FIL.ErFIL

COM4,4ON/JUFF/PREBUF9PELBUF (60#2) ,CODUF( 240) 9
* OTBUF(60s2hsSTF8UF(240). STAT(3000)

COMt40N/HUFF/COD)E(3.92.2).CODERD(3,93) ,PREDCT('28)
COM?4CN/ERAY/=RRORS (2500)
C****************LABELLED COMMON VARIABLES ***********

COMA,40N/VAR/PSLPAXVRESEPHASCECMPMAX.ERRM00,LINMAX.K
COI4O4/'VAR/IN...,4.TLNNCCOTELW INELP.CDELP.OTELP;COELW*

*CD)ELCT. ILCT.TCDATA.TCDEL.ERRPNT.ERROFF.ERRLIMv
* ERRCNT,.INLNCToC0NSEC vLNNC9F 981CNT 9
* INC0Do INREF#CTCCD*OTREFSTFBIT

COMMO4N/ICHAR/DD.II.MM.TTNNYY
COM-40N I -CG C/SEACHDAG9 SYNC *LSS, WRITrEoZER0,LEFTeCHCOL 9ONE
LOGICAL SEARC1-lDIAGSY NC WRITE* LEFTs CCOL *ONE

DATA TERM.LPFILPELFZLOTFIL.ERFIL/5.6.1 .2,3/
DATA DDIIMMTTNNYY/'D%'I','4' 'TI'NYo/
DATA PE.-AXVfESEPHASECMPMAXERRMODLINMAX/17282,O96,*T,30Q0
DATA K/2/t DATA DI&G/&FALSE*/

DATA CODE (1a 1.1)oCODE(2s I#1)9CGDE(39 1.1)/a.e 709Z0035/
DATA CODE(I. 2*1)tCODE(2# 291 )9CODE(3v 2v1)/ -6* 90PZOOO7/
DATA CO)DEd. 391)oCODE(2. 3#I)9C1ODE(39 -3*1)/ 4p 4oZ0007/
DATA COI)E(1, 491IhCODE(2f, 491),CODE(39 41)/ 4. 5.ZOOOS/
DATA COD E (I1 5#I)9CODE(2# 5.1)oCCDE(3. Sol)/ 4#. 6,Z0OOB/
-DArA CODE(1. 6sL).CODE(2q *-6v 1)ItCODE(3w- 691)/ 4* 79ZOOOC/
DATA COO)Ed. 791)*CODE(29 791),CCDE(39 791)/ 4v 8#ZOOOE/

rDATA CODE(I, 891)oC3DE(29 891)oCODE(39 891)/ 4, 9tZOOOF/
DATA CODECI, 9t1)*CODE(29 9v1IhCODEC3o 9.11/ 59 I0,Z0013/
DATA C.ODE(1, I0vI I CDE( 29 10ol ) CCDE(3. 109,1)/ So 11.PZCOI4/
DATA CODECX. l1.1)oCDDE(2# 11.1)*COIDE(3* 11.11/ 5s 129Z0007/
DATA CODE(I, 12.1).COOE(29 12*I)*CODE(39 12.11/ 59 65,Z0008/
DATA CO:)E(l, 13.1),CODE(2* 13.1l)*CCDE(3# 13#1)/ 6. 149Z0008/
DATA C]DE(1s 1491)%CODE(29 149 1 )CODE(3, 14.11)/ 6s 159Z0003/
DATA CODE(lv 15*1)vCODE(29 15.l)#CODE(3* 15,11/ 69 l6vZ0034/
DATA C3DE(I9 1691)oCODE(29 2691)tCrpDE(39 1691)/ 6,o 179Z0035/
DATA CODE(2, 1T.1)tCODE(29 27921.COOE(39 17,13/ Os 18.ZO02A/
DATA CO)S(1. lat1)#CODE(29 18,1).CODE(39 18.1) 6., 19*ZOO2B/
DAT A COD E( 1 19PL )#CODE(2, 19#1)vCODE(39 191)/ 7o 2C#Z0027/
DATA MgD(1. 2091 ) CODE(2# 20,1 )qCODE(3v 20,11/ 79 21,ZOOOC/
DATA CJ DE( It 2191).CODEt2o 2I,1)sCODZt3v 21.11/ 7# 229Z0008/
DATA CODECI. 22sI)tCOOE(2v 22i1 IvCOCE(39 2291)/ 7o 23,Z0017/
DATA CODE(I. 23o,1)oCODE(2q 2.3 1 ) #CODE (3 23t1)/ 7v 249Z0002)/
DATA CODE(1. 24vI)sCODE(2v 249I)vCODE(39 24o1)/ 7. 259Z0004/
DATA CODE(1. 25#1),CO0E(2, 2591).CODE(39 25*1)/ 7. 26oZ0028/
DATA CODE(1. 2691),CODE(29 26*1)*CODE(3. 26.1)/ 7s 27,Z002S/
DATA CODE(19 27.1).CQDEF(29 2791)oCODE(3# 2791)/ 7. 28,Z0013/
D4TA CJ D E( 1 23, 1 ) 9C DE (2, 2891)#CODE(3* 28.1)/ 79 29*Z0024/
DATA CODMi 2991)PCODE(29 2991)*CODE(3. 29#1)1 79 68.Z0018/
DATA CODE(1, 30.1)tCODE(29 3091).CODE(39 3091)/BSo 319Z0002/
DATA CODE(i. 31o1)tCODE(2* 31I)vC00E(3v 31.11/ 89 329Z0003/
DATA CO3E(1 3291)*CODE(2# 32*1)#CODE(39 32,1)1 89 339ZOD1A/
DATA C3DE(1I. 3391)*CODE(29 339 1).CODE(3. 33,1)/B.9 34.Z001E3/

U NCL A SSIFI ED
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UNCLASSIFIED

DATA CODD(Is 34vl)sCODE(29 3491)oCDDE(39 3491)/8So 35#Z0012/
DATA COD3E(1, 35*1)*CODE(2* 3591)9CO0E(2s 3592)/ 89 36#Z0013/
DATA CODE(.* 36#1)*CODE(2* 36*1)tCDDE(39 3691)/ 8. 37,Z0014/
DATA C:Di-:C1I. 37,1 ) 9CDE(2, 3791)9CODE(3. 37*1)/ 8. 389Z0015/
DATA CODC(1. 38,1 )*CODE(2o 3(391 )@CODE(C39 3891)/So 399Z0016/
DATA COD.(Iv 39,1)vCODE(29 3991 )9CODE(3o 39t.1),' 8.o 409Z3017/
D AT A C):E( 1 , 4091)9ZODE(29 4091)oCCDE(39 4091)/ 8, 41,Z0028/
DATA CODEt(Is 41.i)9CODEC29 41*1)*CODE(3i. 4191)/ 8o 42,Z0029/
UATA CJ3)E(19 4291),#CODE( 29 4291 ) COOZE(3 9 4291 )/8, 439ZO02A/
DAr A CODE(.* 43.1 )sCDE(2, 43,1)*CCDE(39 4391)/ 8, 44,Z0026/
DATA COUO-(1. 44 91 )9C~jDE(2, 4491 )9CCDE(3o 44,1/ So 45,ZOO2C/
DATA CO Di(1 9 45,1 ),CODE(2* 45,1)*CDE(39 45*1)18s 469ZOO2D/
DATA C0O":(1. 4691)tCODE(2, 4691IhCODE(39 4691)/ et 479Z0004/
DATA COOM(lo 4791)gCODE(29 4791),CODE(3* 4791)/ 8, 48,Z0005/ I
DATA CODE(1. 4ts.1)9CODE(2t 48*1)#CODZ-(3* 4891)/ 89 49vZOOOA/
DATA C3)=(1. 49,1),CQDE(29 4991ICODE(3, 4991)/1S, 509ZOOOB/

DATA C3DE(l, 50o 1 )CODE(29 50*1 ) CODE(39 5091)/ es 51,Z3052/
DATA CJDr(1, 51*1)tC3DE(2, 51.1 ),CaDE(39 51.1)/ 8, 52,Z0053/
DATA Q DE ( 1. 5291)tCODE(2v 5291 ) *CDE(39 5291)/So 539Z005'4/
DATA CDD'rC1, 5391),CODEL2o 33#1)oCDDE(3# 5391)/1So 549ZO055/
DATA CODE(Is 54,1)*C.JDE(2# 54,1),CODE(3* 5491)18So 55,Z0024/
DATA CODE(It 5.1)tCODE(2i. 55.1)*CODE(3, 5591)/ Sol56,Z0025/
DATA C0D (Is 5691)oCODE(29 56.1)vCCDE(3# 56*1)/ 89 57,Z0058/
DATA CODE(l. S-7,1)*CDDE(29 5791)iCDDE(3* 5791)/189 58VZ0059/
DATA CODE(1, 5891).CDE(29 58*1)tCODE(39 '58,1)1 es 59,ZOOSA/
DATA CJJV1, 5991 ),CO0E(2v 5991)oCCOE(39 5991)/ So 60,Z0058/
DATA COH(19 60,1l)9CODEC2* 6O,1)#CODE(3o 6091)/B8, 619Z004A/
DATA CODE(19 6191)*CDOE129 6191)*CODE(3# 6191)/B8, 629Z004B/
DAT 4 CODff( 1 62v1 ) ,CODE (29 62 91 ) 9CODE ( 3 6291)/ S. 63*Z0032/
DATA CODE(1, 6391),CODE(29 6391)tCODE(39 6391)/ 8, 64,ZD033/
D AT A CO3E(1It 6 49 1) C ODE (2 9 6491)oCODE(39 6491)/ 8, 699Z0034/
DATA CODECI. 6)59i)*CODE(29 6591)#COCE(39 6591)/ So 66,ZOO1B/
DATA CJ)DE( 1 6691)9COCE(2v 66.l)tCODE(3# 6691)/ 5. 679Z0012/
DATA CODE(1., 6791)tCOD-(29 67s1)9CODE(3* 6791)/ 6, 2%Z0017/
DATA COD2E(1. 68,1)vCODE(2 68*1)vCODE(39 6891)/ 79 30,Z0037/
DATA CflDE(1. 69.1)*CUDE(2o 6991)tCCDEC39 6991)/ 89 19Z0036/
DATA COi)E(1. 70ol),CODE(2, 7091)#CODE(39 7091)/ 89 71sZ0037/
DATA 0 DE( It 7191)*CDDE(29 71v1)oCODE(39 7191)/ 8. 729Z0064/
DATA C30E(1, 7291 ) 9CODE (2s 7291 )9CODE(3, 7291)/ B. 739ZOOSS/
DATA CflaE(I, 739l)tCODE(2. 739l)*CODE(39 7391)/ So 74,ZOO6R/
DATA CODE(1, 74*1)*CGDE(29 7491)vCO0E(3* 74.1)/ e, 75*Z0067/
DATA C30E(1, 75,1)tCODE(29 7591)tCODE(3. 75#1)/ go 769ZOOCC/
DATA C30E(1, ?6,1)oCQDE(2o 7691)*CCDE(39 7591)/19, 77oZOOCD/
DATA CODECI. 77s1),CODE(29 77sl)9COCE(3v 77,1)/ '99 78,ZOOD2/
D AT A 00V Itl 789i)#.DDE(2# 7891 ) CO(CE(39 78#1)/ C,. 799ZODD3/
DATA C:)DEC It 79.*I) 9CODE (2 # 7991)vCCDE(3* 79,1)1 9, 809ZOOD4/
DATA CODE(ly 8091)i.COOE(29 80.1)9CODE(3, 8091)/19v 819ZOOD5/
DATA CODE~l. 8191)*CODEC2# 8191)*CODE(39 8191)/199 829ZOOD6/
DATA CO~d(1. 3291 )*CODE( 2, 82,1)*CODE(39 82*1)/ 9 839ZOOD7/
DATA C:DEC19 839l)*CODE(29 8391)iCCDEC3, 8391)/19, 84*ZO008/
D DAT A CODE( I 8491 )PCODE(29 8491)tCODEC39 8401)/go 859Z00DgV
DATA CODE(l, 85*1).,CODE(29 85*1)#CODE(39 85,1)/ 99 86,Z0ODA/
DATA C30E(1. 86.1)#CODE(2* 86vl)vCODEC3ip 8691)/ go 87%ZOODB/
DATA CODE(1, 8791 )tCODE-(29 87v 1),CDDE(3 s d7t1)/ 9, 889Z0098/
DATA C33E(1. 8,1)vCODE(2v #8v1)9CODE(3v 8891)/ g. 899ZO09p/
DATA CODE(1. 89v!)aCDDEC29 C9o1)*CCE(3o 8991)/ 99 919ZOO9A/
DATA CODE(1. 9091)tCODE(29 9091)tCODE(39 9091)/ 69 139Z0018/
DATA C03E( I 91.1),CODE(2# 91*l)*CCDE(39 91,1)19go 929Z0098/
DATA CODE(1 92.1).CODE(2s 92*1)iCODEC3. 92,1)/12v 939ZO0OI/
DATA COJ)ECI. 192)9CODE(2, 192)9C0DE(39 192)/109 659Z0037/ -DATA CODE(1, 292),PCDE(2. 2#21.C0DE(39 292)/ 29 69Z0002/
DATA COOE(19 392).CJDE(29 3v2)9CCDE(39 3#2)/ 2s 4*Z0003/
DATA COJE( It 4*2)9C0DE(2o 492)9CDDE(39 4.2)/ 2. 59Z0002/
DATA CODE(1, 5,2)tCLJDE(2s. 592)*CODE(39 592)/ 3,# 29Z0003/
DATA CODE(1t 692)*CD(2t 6 #2) #CCE(39 692)/149 79Z0003/
DATA CODE(1I, 7.2)*CUDE(2* 79 2)sCDE(39 792)/ 4. 8.Z0002/
DATA CDDE(1, 8.2).CCDE(29 892)tCDDE(39 8,2)/ 5t 9PZ0003/
DATA CODE (1I. 992)iPCDE(29 9s2),CDDE(39 9,2)/ 6s 10tZ0005/
DATA CODE(1, 1092)oCUDE(2, I01O.),r0DE(3, 1092)/ 69 11.Z0004/
DATA CODE( I 11.2)*CODE(2, 11,2), 2 0DOE(39 I1I.2) /7v 12.Z0004/
DATA CJDE(lv 12 92 ) CODE( 2s 129 2)v COOE(3* 12*2)/ 7, 13*Z0005/
DATA CODE(1, 13,2),CODE(2* 13*2),CODE(39 1392)/ 7* 14*ZO007/
DATA CJDE(1, 14*2).CODD(2* 14* 2) 9CDDE(39 1492)/18. 15cZ0004/
DATA CODE(1, 1592)*CODE(2, 15.2)vCDDE(39 15.2)/ 8, 16#Z0007/
DATA CODE( 19 16o2)*CODE(29 16o2)oCODE(39 16,2)/19, I79ZOOI8/
DATA COD(1. 17t2)vCODE(2v 17 v-2 ) 9CODCE(3 1792)/109 189Z0017/
DATA CJDE(l. 18.2) .CDDE(2* 1892)*CCDE(3.p 1892)/l0, 19tZ0018/
DAT A CODE(1, l9v2)sCODE(29 1992)tCODE(39 1992)/10# l#ZOOOs/
DATA C3.)E( I 20 92) 9CODE (2 * 20v2)PCODE(39 20v2)/Il, 219Z0067/
DATA CODE(1 , 2192)#CDDE(29 2192)oCDDEC39 2192)/Il. 22#Z0058/
DATA CODE(1, 2292)#CODE(2# 22 92 ) vCODE (3 2292)/li, 239ZOO6C/
DATA C3DVI,1 2392 J 9CODE( 29 239...CDDE(39 2392)/li, 24#ZOCZ7/

N-14. UNCLASSIFIED



UNCLASSIFILED

DATA CODE(l. 24*2)*CODEC2* 2492)*CODE(3, 24,2)/Il. 25,Z0028/
DATA CODE(l. 259Z)vCODEt2p 2592)*CODEC39 2592)/1l. 269Z0017/
DATA CODE(lo 2692)sCDE(29 2692),CCDE(3t 26,2)/Il, 27.20018/
DATA CODE(1.p 2792),CGDE(2# 2792)*CODE(39 2792)/129 28*ZOOCA/
DATA COD(1, 2892)*CODE(Zo 2892)*CODE(3* 28.2)/129 299ZOOCB/
DATA CODEUI.9 29#23,CODE(2, 2992)*CODE(3i. 299.2)/129 30sZ0OCC/
DATA CODE(1. 3092)oC0JE(2, 30#2)vCCDE(39 3092)/129 319ZOOCD/
DATA4 CO 0E( I 3192)#CODE(29 319 2)tCQDE( 3s 3192)/129 329Z0068/
DATA CODEC-I. 3292)*CODE(29 3292).PCODE(3s 32,2)/12. 339Z0069/
DATA CDE(It 33,2)9CODE(29 331,2)oCODE(39 33*2)/12, 34*ZOO6A/
DATA CDDE(1. 3492 ) CODE(2. 34# 2) #CODE(39 3492)/12v 35*Z006B/
DATA C00E(l. 35*2)tC30E(2. 3592)tCCDE(39 35.p23/12, 369ZOOD2/
DATA CODE(1. 36o 2) 9CODE(C29 3692)PCODE(3. 36.2)/12. 37oZOC'03/
DATA CODE(1, 3792)oCJDE(29 37#2)*CCDE(3, 37.2)/12, 38,20004/
DATA COEl1. 38s23,CODEf2m 3892),CODE(39 3892)/12, 39OZOOD5/
DATA CODE(lo 39t2).CODE(29 39,2)*CQDE(39 3992)/12o 409ZO0D6/
DATA CODE(1. 4092)*CODE(29 40o2)#CODE(39 40s2)/129 419ZOOD7/
DATA CODE(l. 41#2)oCCJDE(29 41o2)vC0OOE(39 41.23/12. 429ZO06C/
DATA C3DE(1, 42,2)*CODE(2, 42*2)*CODE(3,o 42,23/12. 439Z0060/
DATA CODE(lo 43#2)tCDDE(2, 43.2)wCODE(39 43923/12,p 44.ZOODA/
DATA CODE(1. 44*2)*CODE(2, 44*23.COOEC3* 44#2)/129 459ZOOOB/
DATA CflDE(lt 4592)9ZODE(2# 45o2)9CODE(3s 45,2)/12* 46.Z0054/
DATA CQDS(l. 46o2)oCODE(2, 46,2hvCODE(39 4692)/12v 479Z0055/
DATA CODE(1. 47,2)tCODE(Ze 47.2)iPCODE(39 47,2)112, 48,20056/
DATA COOS(1. 48,2)*CODE(2* 48*2)9CODE(39 48t2)1129 49.20057/
DATA CODE(1. 4992)oCODE(2, 4992).CODE(39 49#2)/12t 50*Z0064/
DATA CZIDE(l. 5092)YCODE(2* 5092)tCODE(39 5092)/12, 51@Z0065/
DATA CODE(I. 5192).CODE(2@ 5lp2h*CDE(3* 51*2)1129 529Z0052/
DATA CJDE(1. 5292)oCODE(2o 52*2)oCDDE(3,p 52,23/129 53.20053/
DATA CODE( I 53.2)*CODE(2* 5392)oCODE(39 531,2)/129 54sZ0024/
DATA C:DECI, 54.2) .CODE(29 54*2)tCODEC39 54,2)/129 559ZO037/
DATA CODE(19 5.2).CDDE(2. 5592)oCODE(3* 55.2)/12ip 56.ZO038/
DATA CODECI. 56o2)oCDE(29 5692)9CODE(39 5692)/l2o 579ZO027/
DATA CMDE(Is 57.2),CDDEC2, 571p2)oCQDE(39 57.2)/12* 58.Z00213/
DATA CODE(1. 5892)gCODE(29 58.2).CODE(39 58.23/12. 589.20058/
DATA CODElI. 59*2)oCODE(29 5992)oCcJDE(3. 5992)/129 60.20059/
DATA CODE(1, 60,2),CODE(2. 60#2)9CDDE(39 6092)/129 61920028/
DATA C30E(1. 6192)oCDDE(29 61923,PCODE(3. 61*2)/12# 62.ZOOZC/

-DATA MDE(19 6292)*CODE(2t 62,2)#C0DE(3o 6292)/129 63,ZOOSA/
DATA COOE(1. 6392)*CJDE(2* 6392)*CODE(39 63,.2)/129 649Z006b/
DATA CODE(1, 64,2),PCODE(29 6492)#CODE(3# 64.23/12, 669ZO067/
DATA C3DE(I* 65.2) .C3DE(2, 6592).CODEC39 6592)110, 20.ZOOOF/
DATA CODEC1. 6692)#CDDE12s 66#2)oCODE(39 66,2)/129 67.ZOOC8/
DATA CODECI. b792)*CODE(2* 67sZ)vCCDE(39 6792)1129 689ZOOC9/
DATA COOE(1. 68ip2)tCODE(2# 68#2)9C0Ek39 6892)/12,p 69,2005b/
DATA CODE(1. 69.2)tCUDE(2# 6992)eCODE(3* 69*2)/12* 70,Z0031/
DATA CODE(1. 7092)9CODE(2s-70s2)9CODE(3s 70o2)/129 71.Z0034/
D AT A CO DE (I. 7192)tCODE(29 71 o2) PCLDEt3,p 7192)/12o 92.20035/
DATA C3D)E(1, 72.2) ,CODE(29 72,2),CODE(3, 721-2)/I1!o 73#ZOO6C/
DATA CODE(1, 7392)*CODE(2* 73* 2),*(ODE( 3 * 73 *2)1!2t 74.2006D/
DATA CODE(1, 7492),CODE(29 7492)sCOCE(39 74*2)/1:!, 75,ZO04A/
DATA CD)DEC1. 75*2)*CODE(2. 75, ),CCDE(39 75,21/12t 769ZO04bf
DATA CODE~lo 761p2)9(CODE(2* 76*2)*CODE(3s, 76.23/12, 77#ZO04C/
DATA C33E(1. 7792),CODE(29 7792)oCODE(39 77o2)/129 799Z004D/
DATA CODE(1. 789 2 )sCODE( 29 78,2)*CODE(39 7892h112 79v20072/
DATA CODE(i. 7992),C0DE(2* 7992)tCODE(39 79,23/12,v 809 Z0073/
DATA CflDE(1, 80i,2),CODE(29 80v2)CCOE(3v 80923/139 81tZ0074/
DATA CODE(lt 8192),CODE(2, 81.2)PCODE(39 81,2)/139 829Z0075/
DATA CODECI. 82o2),CODE(2, 82,2)#CODE(39 82.2)/IS.v 85.20076/
DATA CODE(I. 83# 2 )vCODE (2, 83o 2),#CODE( 3v 83. 23)/129 84,Z0077/
DATA C).)E(19 84.2) .CDDE(29 8492)vCODE(3* 84#2)13# 859Z0052/
DATA CODE~i, 85,2)sC0DE(2, 8592),CODE(3o dS.2)/13t 86,Z005--/
DATA CODE(1. 86#2)#CCDE(2* 86t2)*CODE{39 36.23/13,- 87.20054/
D ATA C)OE( It 8792)9CODE(29 3792)gCODE(39 87923/13s 88,20055/
DATA CODE(1, 8392)#CODE(29 8892),CODE(39 88,2)/12, 899ZOOSA/
DATA C3DE(I, 89,2)*CGDE(2* 89q2),CDDE(39 89,2)/13v 90920058/
DAT A C30 ( It 9092)PCODE(2* 90s 2)CODE( 39 90.23 /1. 91@Z0064/
DATA CODECI, 91 92 ) #CDE(2s 9192)PCOOE(3* 91,23/12.t 93,Z0065/
DATA C30E(1. 92.2)*^CDE(2s. 9292)PCODE(3. 92.2)/12* 729ZO0OI/
DATA COOERD(i. 1)oCODERD(2* 13,CODERD(,39 1)/ Z. 3,ZC007/

*DATA COJERD(l. 2)*C0DERD429 2),COOERD(,39 2)/ 4, 4.20008/
DATA CODERDCI., 3)vCODERD(29 3)tCODERD(39 3)/ 2, 29Z0006/
DATA CODERD(1. 4)*CODERDC29 4)9CCDERD(39 4)/ 4. 59ZOOOA/
DATA C3DER~DI s 5).o"DERD(2, 5).FCODERD(39 5)/ 49 6,20009/
DATA CODERDCI. 6)*CODERD(2, 6 )oCODiERD(39 6)/ 4. 79Z0008/
DATA CZ3DERD(1.v 73.CODERD(2* 7)9CC0 RDC29 7)/ 5, 8#ZOOOF/
DATA CODER~DI. 3),CC2DERD(29 B)tCODeR0C20 8)/ Et 9OZOOOE/
DATA CODERD(1, 9)9CODERD(29 9)9COOERD(39 9)/ 59 65#20000/

DATA CODER0(1, 10)#CUDERD(2, 10)sCODERDC39 103/. to llZ0015/1<DATA CODER~o I I 1) ,CODERG (2 vI l) vC002RD (3 11)/16. 12,20014/
DATA CODERD(1. 12).CODERD(29 12)*CCDERO(3.9 12)/ 6# 13#Z0013/
DATA CODERO(I. 13 v CUDERD (2 9 13)*CDERD(39 13)/ 6, 66,20012/
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DATA CODERD(19 14).CCJDERD(2, 14)*CODERD(3. 14)/ 7, 15.Z0022/
OAT A CODERD(1 9 15)oCOJDERD(29 15)tCODERD(Z. 15)/ 7o 26,Z0020/
DAT% COODRO(1. 16)oCODERD(2* 16)9CODERD(3# 16)/ 7. 17*ZOO1F/
DATA COD ER3 ( 1 17),CODERD(2* 17)@CODERD(3. 17)/17* 189ZOO1E/K AT4 CODERDC19 13) , CDERD (2 9 18 )*CODEFDC3. 18)/ 7. 199,ZOOID/
DATA C3DERD(1. 19) ,CODERD(2. 29)*COOERD(39 Irv)/ 7. 20,Z001C/
DATA CODERD(I. 20),CDDERD(29 20).CODERD(39 20)/ 7s 2lvZOOIB/
DATA CODERO(19 21)*CODERD(2# 21)*CDDERO(3, 21)/ 79 22.ZOO1A/
DATA C:D3zRD( I 22),CODERD(2. 22), CODE RD(3 * 22)/ 7, 239ZO019/
DATA CODERD(j. 23),CODERD(2, 23)tCODERD(3* 23)/ 7v 24*Z00181
DATA CODEROCI. 24) .CDDERD(29 24),CODERO(29 24)/ 79 25,Z0017/
3 AT A CO DER 0(1 2 5)CO DE R 0( 2 25) .CODERD(3* 25)/ 7. 26,Z0016/
DATA CODER3(to 26) .CODERD(2, 26) CODERD(39 26)/ 7. 27,Z0015/

OAT A CODER D(1 o 27)oC3DERD(29 27).CODERD(3* 27)/ 7o 28,Z0014/1:DATA CODERO(It 28)*CODERD(2. 28)*C0DERO(3# 28)/ 7, 299Z0013/
D ATA CODEROCI. 29)*CDDERD(Z. 29)tCODERD(3o 29J/ 7. 349Z0012/
DATA CODERD(1. 33)*CODERD(29 30)oCODERD(3s 30)/ L. 329Z0019/
DATA CODERO(19 31)sCDRD(29 31)*COErD(39 31)/ 8, 32*zooia/
DATA CODERD(1. 32)tCDDERD(29 '32)9CDDERD(3s 32)/1et 339Z0017/
DATA CODERD(lo 33)oC0DERD(2. 33).CODERD(3. 33)/ 8. 359Z0016/
DATA C3DERD( 1 34)*CODERD(29 34) 9CC3ERDC3 (:, 4)/ 7.i 36*ZOO2I
DATA CODERDCI. 35) ,CODEFR)(2, 35),CODERD(39 35)/ e. 389Z0015/
DATA CO3ERD(1. 36)*CODERD(29 36)oCQDERD(3, 36)/ 7v 379ZOOIO/
DATA CODERD(1. 37),CODERD(29 37).COOERD(3, 37)/ 7, 67*ZOOOF/
DATA CODERONi. 38)*CODERD(2t 38h*CODERDC39 38)/ e, 39*Z0014/
D AT A CODERD(1. 39)oCODERD(29 3 9) 9CODER D (3 39)/ 6# 40.Z0013/
DATA CODERD(19 40) .CODERD(29 40)tCODERD(39 40)/ 8, 419ZO012/
DATA CODEROCI. 41)*CCDEFD(29 41).DCODERD(39 41)/ as 42*ZG011/
DATA CODERD(i. 42)#CODERD(29 42)oCODERD(39 42)/ 8. 43#Z0O10/

DATA C30ERD(le 43)*COOERD(2o 43)*CCOERD(3, 43)/ E. 44,ZOOOF/
DATA CO DER D (1s 44)*COERD(2t 4 4 ) CO DEZD ( 3, 44)/ 8. 50*ZOOOE/
DATA C33ERD(lo 43) ,CDDERD(29 45)oCODERD(3* 45)/ go 46,Z0017/
D AT A CODERO(i. 46).CODERD(29 46)9CODERD(3, 46)/ G, 47,Z0016/
DATA CODERDC1. 47)#CDDERD(2s. 47 ) 9CO0DERD (3 47)/ 9, 489Z0015/
D AT A CODERD(lo 48)*CJDERD(Zp 4a)*CDDERDC3,- 4a)/ go 49pZ0014/
DATA COD)ERDCIs 49) .CDDERD(29 49)9COD -RD(39 49)/ 9p 519Z0013/
DATA CODERO(It 50).CODERD(29 50)9CDCERD(3,p 50)/ 2, 68*ZOOOD/
DATA C3DERO)(19 51 ) vCODE RD (2 o 5I)CODERD(3, 51)/ 99 52,Z0012/
D AT A CflDERD(1. 52)@CJOERD(2s 52)*COOERD(3, 52)/ So 539ZOOl1/
DATA CODERD(It 53).*CODEZD (2 53 ) 9COOEFRD3, 53)/ 9. 54, Z0010/
DATA CO DER 3( 1 54)*ZODERD(29 54)9CODERD(3, 54)/ 9. 559ZOOOF/
DATA CODERD(1. S3)*C3DERD(29 55)9CODERD(Be 55)/ go 569ZOOOE/
DATA CODERDC1. 56) .CODEFD(2t 56)oC0DEAD(39 56)/ 9, 57,ZOOOD/
DAT A CJDERDC1. 57)@C30ERD(29 57) oCODERD ( 3, 57)/ 9v 589ZOOOC/
DATA CODERD(1. 58)PCODE-PD(29 58)9CODERD(39 58)/ S, 59#ZOOO6/
OATA4 C3DER D( 1 59)*C3OEk'D(2* 59)*CODERD(3, 59)1 4 9 60,ZOOOA/
D)ATA C)DERD(1. 60) .CODERD(2. 60).PCCDERD(39 6C)/ Q9 619ZOO09/
DATA CODERD(1, 61)*CODERD(29 61)gCODERD(3, 61)/19. 62.Z0008/I.DATA CODERD(19 62)*CODDZRD(29 62)tCODERD(3, 62)/ So 639Z0007/
DATA CODER3CIv 63)*CDDERD(2. 63)vCODERD(3, 6Z)/ So 649ZO0O6/
DATA CODERO(It 64)oCODERD(29 64).CODERO(3t 64)/ So 69,Z0005/
DATA CODRD(1, 65) ,CODERD(29 65) .CODERD(3, 65)/ 5v 929ZOOOC/
DATA CODERDCI, 66)*CDOERD(29 66hCODERD(39 66)/ 6. 14qZ00II/
DATA CODERD(to 67).CODEkcD(29 67)*COOERO(39 67)/ 7, 91vZ0OOE/
OAT A C3DERD(19 68'9DDERO(29 68)*CODEFD(3. 68)/ 8, 45,ZOOOC/
DATA CODERD(l. 69) .OfERD(29 69)oCODEROC3, 69)/ 9. 70,Z0004/
DATA C3DHRD(lo 70)tC0DF-RD(29 70)oC0DERD(39 70)/ St 891Z0003/
DATA CODERD{1. 71)*CODERD(29 71 )oCODEZD( 39 713/12. 72,ZOOII/
DATA CODERD(19 72)*CODERD(29 72),CODERDC39 72)/12, 729ZOOIO/
DATA CODER D( 1, 73)PCDDERD(2* 7:3)*CODE'RD(39 73)/12v 749Z000PF/
DATA CODERD(1. 74)*COOERD(29 74 ) 9CODERD(3v 74)/12* 759ZOOOE/
DATA C3DERD(1, 75)tCDDERD(2, 75)sCODERO(3s 75)/129 76oZOOOD/
DATA CODERD(19 763'.CODERD(2o 76)oCOOERD(3v 76)/129 77,ZOOOC/
DATA CODERD(1, 7?) .CODERD(29 77)*CODERD(3# 77)/129 78,ZOOOO/
DATA CJ3DERD(1. 73)*CODERD(2* 78),CDDEr-D(39 78)/12, 799Z000A/
DATA CODERD(1. 79)tCODE-RD(2* 79)tCOOERDC3, 793/12. 80v0.ZOO/

LDATA CDDERD(lo 83)tCODERZD(29 80)sCODERDC3, 80)/12. 81*Z0008/
DATA CODERD(It 81)*CODERD(29 81)tC0DErO(39 81)112* 829Z0007/
DATA CJ)DcAD( I 82)tCODERD(29 82)oCODERD(39 82)/129 83*ZO006/
DATA CQOD(1 83)*CODERD(2. 83)oCOOERD(3* 83)/129 84*Z0OOS/
DATA C3DERD(1. 84)*CDDERD(29 84)vC0DERD(3* 84)/12* 6SZ0004/
DATA CODERD(1, 85)9CDLRO( 29 85) *CODERD( 39 85)/12. 86,ZOOOZ,/IDATA CODERDC1.- 8b)9CODERD(29 86)*CODERD(39 86)/1ko 87*Z0002/
DATA C3DE-4D(1I, 87)tCDDERD(29 87)*CODERD(39 87)/129 889Z0013/
DATA CODERDCI, 89)9C0DERO(2o 88)tCODERD(3, 88)/12v 939Z0012/
DATA CODERD(Is 89)oCODERD(29 89)*CODERD(39 89)/il, 90*Z000z3/
DAT A CODERD(1, 90 ) sCO0DER D (2 90)iCODERO(3, 90)/il, 71.ZOOOA/
DATA CDD RD( I 91 ) CODERD(2 9 91)#C0DE;D(3* 91)/ 7. 30,ZOOOO/
DAT A C:DERD( 1 92)iCODERD(29 92),9CODERD(39 92)/ 5, I09Z0OOB/
DATA4 CO DE-R L)(I* 93),CODERD(29 93).COOERD(3 9 93)/129 949Z0001/

DATA PREJCT(1)/0/
DATA PREDCTC2)/1/
V UNCL kSSIFIED
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DATA PREDCT(3)/O/
DATA PRE:)CT(4)/1,
DATA PREDCT(5) /0/
DATA PREOCT( 6) /1/
DATA PREDCT(7)/O/
DA TA P RED CT (8)/1 /DATA PREOCT (9)/O/
DATA PREOCT(l 0)/i
DATA PREDCT( I I )IDATA PREOCT (21/t/
DATA PREOCT(13)/O/DATA PREDCT (14)/1/DATA PREOCTC 15)1//
OATA P'REDCT( 16)/I/
DATA PREDC.T (17)/0/
DATA PREDCT(18)/l,
DATA PREOCT(),rj,
DA rA PREDCTC 20) /I/
DATA PREOCT (21)//
DA TA F)RE DCT (22)/1 /
DATA PREDCT(23,,1,
DATA PREDCT(24),l,
DA TA P RE DCT (2 5) /1
DATA PREDCT(26),1,
DA TA P RED CT (2 7)/1
DATA PREDCT(28)/l,
DATA PRED CT (29) /1
DATA PREDCT(30)/a,
DATA PREDCT (31 )/1/
DA TA PREDCT(32)/a,
DATA PREDCT(33,b0,
DATA PRE.)CT (34) /1
DATA PREDCT(35)/

0 /DATA PREDCT (3611
DA TA PREDCT(37),//
DATA PREOCT (38)/l, /
DATA PREOCT (39)/z,
DATA PREOCT( 40 /lI
DATA PREDCT(41 ),/
DATA PREDCT(42),/I
DATA PREDCT (43)/ 0 /
DA TA PRED C T (44) /1DATA PRiDCT(45)/0,
DATA PRED CTC(46)i/
DATA P RED CT (471/ 0 /DATA PREDCT (48)/l/
DA TA PR-=DCT(49)/O/

DATA P RED CT(50 ) /I
DATA PREDCT(51)/o,
DATA PREEDCT(52)/I/
DATA PRE.3CTC(53) /0/DA TA PREDCT(54)/L/DATA PREDCT (55)/o/DA TA P RED CT (56) /1/
DATA PREi3CT(57)/l/ 

-DATA PREDCT(58)/1,
DA TA PREDCT(59),O,
DATA PREDCT (60)/1/
DA TA PREOCTC61)/z,
DATA PREDCT(62j,1,
DATA PREDCT(63)/O/
DATA PREDCT(64)/l/
DATA PREOCT (65)/0/
DA TA PREDCTf66J/l,
DATA PREDCT(67),O,
DATA P RE DCT C 68),/0,
DATA PREDCT(69),O,
DATA PREDCT (70 )/1/
DA TA PREDCT(71 )/0/
DATA PREDCT(72),l,
DATA PREDCT(73)/O/
DATA PREDCT( 74)/l/
DATA PRgEDCT (75)/0/
DATA PRES)CT(76)/l,
DATA PREOCT(77)/O/
DATA PREOCT(78) /I/
DATA PREDCZT( 79)/C,
DATA PREDCT (80)/1/
DA TA PREDCT(81),O,
DATA PREOCT(82)/1,
DATA PRrDCT(83),O,
DATA P RECT 8 4 /1
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DATA PRSDCT(85)/O/
DATA PREDCT(86)/1/
DATA P REtCT (87) /1/
DATA PREDOCT (BS) /I
DATA PREDCT(89)/10/
DATA PREDCT(90)I'1/
DATA PREOCT(91 )f/
DATA PREDCT(921/1/
DATA PREDCT(93i/0/
DA TA PR=DCT(94)/I/
DATA PREiD CT (95 )/I/
DA TA PREDCT(96)/1/
DATA PRED)CT( 97)/0/
DATA PREDCT (98)/l /
DATA PREDCT(99)/o/
DATA PREDCT (I00)/0/
DATA PRSDCT(1O1)/o/
DATA PREDCT( 102)/Il
DATA PREDCT(1 03)/0/
DATA PREDCT( 1043/0/
DATA PREDCT (105)/0/
DAkTA PR=DCT( 106)/l/
DATA PR;DCT (107)/0O/
DATA PR;SDCT (108)1/
DATA PRED)CT(109)/0/
DATA PRE3)CT( 10)/ 1 /
DA TA PR-=DCT(111)/0/
DATA PREDCT(122)/I/
DATA PREDCT(113)/0/
DATA PREDCT (11 4)/1/
DATA P REDCT U 15) /0/. .

DATA P RED CT (116) /1/
DATA PREaCT (117)/0/
DATA PREOCTC 116)/Il -

DATA P RED CT (119)/0/
DATA PREOCT (120)/1 /
DATA PREDCT(121)/O/
DATA P REDCT (122 )/1/
DATA PREDCT(123)/1/
DATA PREOCT (124)/1/-
DATA PRE2:CT(125)/0/
DATA PRED)CT (126)/lf
DATA PREDCT (127)/D/
DATA PRFEDCT( 128)/I/

SUBROUT14E XCODLR(LENGTH.POLAR.CDELCTCDDATA)

IM4PLICIT INTEGER(A-Z)
COON/JF/PREBUFPELUF(60,2).CDBUU*-24),TUF(6O2),

* STFBUF(240)9 STAT(3000)
COMMON/HUFF/CODE-(3.9292)sCODERO(3,93),PREDCT(128)

BEGIN PROGRAM************

C INITIALIZE MAKE UP CODE, MAKE UP CCDE LEN~GTH

C MCCOEOE~

C ML ENG= 0
C CHECK INPUTS

IF(POLAReLT.I.0RoP0LAR9GT92) CALL EXIT.-
IF(LENGTH.LT.O.OR.LENG'Th.GT.1728) CALL EXIT

C
IF(LENGjTHoLE.63) GO TO 10 --

C CALCULATE '4AKE UP CODE INDEX, CODE, LENGTH
C AND WRITE TO COOE LINE
C

-- --.. -INDEX=LENGTH/64+64 .

MCOOE=CODE( 3# INDEX# POLAR)
MLF.NG=CDDE(ls*INDEX .POLAR)
CALL 4123(MCODECD)BUF,CDELCT+IMLENG)
CD ELCT=C0 ELCT4ML E%4G

CDDATA=CDDATA4MLFENG -

C CALCULATE TERMINATING CODE INDEX* CODE, LENGTH
C AND ADD TO CODE LINE -. . . . .

C
10 CONTINUE

INDEX= MOD (LENGTH964) +1
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TC ODECODE 39 INOEXsPOL AR)
TLENG=COaEC1. INDEX,POLAR)
CALL. -AlI!3(TCJLEC)UFtCDELCT+I,TLENG)

4 COELCT-COELCT +TLENG
CD0ATA=CDATA*TLE4G,

RE TURN

cSU3 rCUTIrERRMES(EaTFoPEMIM~xvR SRRCNT)

CUM?4UN /3281 T/MASK(32'),CCMASK(32),j~leIT(32).LZBIIT(32)
INT2;ER .14ASK*CC~t4ASK ,LIBITLZBIT

C'P***************'~FIL DEFINITICNS **********
C

COM.40N/FILES/TERMLPFILPELFIL.OTFILERFIL
C

DIMENSIOA PELt3UF(50)9 OTBUF(60)
COMMON/LOGIC/SEAR'HoDIAG-
LOGICAL SF-ARCH9014G

C

BEGIN PROGRAM **************

REWIND PELFIL
REWIND 31FIL
ERRORO0
OTELW-(PEL4'kX*32-1)/32
OT LN CT =t C

C READ AN ERROR FREE LINE
C

10~0 CONTINUE
READ(PELFIL9END=600,ERR=800) INLNNOsINELCTvPELBUF
IFCMOD(IA'LNNO-I.VRES)oNE*0) GO TO 100

C
C READ AN ERO-ORPE LINC
C

200 CONTINUE
READ(OTFIL.END=500*ERR=800) OTLNNO*OTELCTOTBUF
OTLt4CT=CTLNCT+l

300 CONTINUE
C
C COUNT DIFFERENCES BETWEEN TRANSM4ITTED AND RECEIVED LINES
C

00 450 IloOTELW
rF(OTBUFCI)*EQ.PELBUF(I)) GO TO 450
IF(*NOT.OIAG) GO TO 420
WRITE(TZRM9410j INLNNOOTLN.NG.I.PELBUF(1),OTBUFCI)

410 FO RMAT (3 18 92Z 2)
420 CO NTI1N4UE

DO 440 J1.s32 -- - -*

IF(14EjC'TBUF(I),J,1).NE.I48(PEL5UF(I).J.1)) ERROR=ERROR+l
440 CONTINUE
450 CONTINUE

C
C CUNT:)IFER4CE 3-'TEENGOO AN AL WHITE LINE

C

520 CONTINU=

00 540 !=1,32L
IF(PEBLBUF(**O GO.J TO 55NE0 R~=RO

520 CONTINUE

550 CONTINUE
55 COTIU

580 REALD(PE ILr-:ND=6)09ERR=8O0) INLNNO.liNELCTPELBUF
IF(MOD(INLNNO-1,VRES)*NE*OJ GO TO580

* C
C CALCULATE ERROR SENSITIVITY FACTOR

600 CONTINUE
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E SF=O.
IF(ERRCNTo..E*0) GO TO 650
ESF=FLOAT(ERROR)/FLOAr (ERRCNT)

650 CONTINUE

WRIT *(LPFIL*700) ERRORERRCNT*ESF*OTLNCT
700 FORMXT(*ONU4BER O= INCORRECT PELS =09110/

* 'ONUMBER OF BITS IN ERROR TRANSMITTED ~1~
* *$O=RROR SE4JSITIVITY FACTOR =O*FI2.4/

* REURN OTOTAL NU48ER OF OUTPUT LINES PROCESSED 99'18)

800 CONTINUE
STOP 800
E END - -- -

SUBROUTINE STATS(LENGT H.INLNCT9DIAG)
IMPLICIT INTEGER(A-Z)

C
INTEGER 4TT(5)ITT(295)9LENGTH(INLNCT)
REAL STT( 2.5)*SUM*SUMS3G
LOGICAL DIAG
C******************FILE DEFINITICNS **********

C
CO1MON/FILES/TERM.LPFILPELFILicJTFILERFIL

C
DATA MTT/0.24948996*192,

C

DO 300 1-1*5
ITTCI.1)010000 ---. . . .

I TT(C29 ) =
SUM= 0
SUMSO=O.
DO 100 Jzl,.INLNCT

C
C FIND FILLED LINE LENGTH

LEN-MAX0C'.ENGTH(J)9MTT(I)) --. .

IF(DIAG) WRITE(TERM950) LEN
50 FO RMAT (18)

C
C FIND MINIM4UM LINE LENGTH
C

C FIND MAXIMUM LINE LENGTH
C

ITTC2, I)=MAXO(LEN, ITT( 2#I))
C
C FIND SUN OF LENGTHS
C

SUM= SUM+FLOATC LEN)
SUMSO=-SUMSC*CFLOATC(LEN) )**2

100 CONTINUE-. . .*.--- ---- - -

C
C FIND SAMPLE MEAN AND STANDARD DEVIATION
C

STT(1. I)=SUM/FLOAT( INLNCT)

STT(2.I)=SQRTC(SUMSOQ-CSU.M**2)/FLOAT(INLNCT))/FLOAT(INLNCT-1))

WRITE(LPFIL,400)(ITT(1,I ).I=1,5)
400 FORMAT(

-*00 MINIMUM TRANSMISSION TIME (4800 SPS)l/
*0 CODED LINE'/
*0 LENGTH 0 MS 5 MS 10 MS 20 MS 40 MSO/

.*'1. STATISTICS@// -- . . -- i
*a MI NIMUM 0 l1OX# 5(18W/) --

410 FORM AT ( - - . -- --. - .- ...
*6 M4AXI MUM91 OX 5 c18) //)

--420 FORMATC (
*0 SAMPLE MEAN',9X#5(FS*2)//)

WRITE(LPFIL,430)(STT(2, I), 1=1,5)430 FORMAT(
*0 STANJDARD DEVIATION'.2X,5(F8*2))

RLTURN

EN D OF OCEC UPRINT PROGRAM LINES PRINTED= 1638

N-20 UNCLASSIFIED
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COMPUTER PROGRAM CODE LISTING

AT&T ALGORITM

tK

\



4T.4 010 0%.:C 404 1 IT P#40RA'4 FG

ItAL %:.5cr.t~kATL

'0*00L1dl C04MUUF (MUO). *0T(0004

* PINia.$4,~2.,7T(21'E34.2).PTIMAX(2?),'TO'AX(2I
CU 4lj.j/$4UF'/COL.EI 3.92..) CODC~kh'j(.13)
C :)AllCj! iA y/!Ar~oRs ( 2500 I
C****S***@~S~*******FIL'! DEFINIT!1IN5 **~*.****

CUMJIL!/!fiSTf4,oLP1LPLFIL.OTFILol~rFIL
C

ce....*..**e**e**LAUeLLZO COMMtCN V^RABALe! **S*****

CJ.,4/PVAq/1N?-!4.TLN-"CoTkLW.Nh'LOCLOTPLPCDELwe
* CDELCTINCLCT.TCATATCELEPFPNT.EFPC7P.IEFRLZMv
* !IUCNT@ INL.NCT9CJNSlFCsLN4iC3P

* PTAOoPTO
CC 44J,4/IC04Ar%/OOTI19MP49.TTeNNPYY
r.J%4U--/1C/SLAQCPI.OIA43YNCLSS.iTEZR.LE.ITCHCOL.OtLe

* CO14ECT
LO ;ZCL iC.4.ICH.oAGSYNCbWRIT,-:LEPTo CI1CCL.ONECCNECT

C
c "4-A. Zt464J PAIAML.T!FAS

l . FCF4TT 0* SPAAALT!kS: INPUT(ml .o OF DZFAULT(uO)?$
REAO(TEIV491 109ZRA89O) INSW

110 FCA4AT(A1)
IF (INSWorOoD) GO TO 315
IF ( INS#.NE.lI ) GO TO 90

C
C R EA DIA~iN3STIC SWITCH

It14 '1TE(TERMo113)
11 t FOpi4.AT(#ADIAlUN0ST1C PRINTOUT? (Y On N): ')

AAOTER'49110) INSW
IF(UNSW@!Uo.YY) GO TO 116
lF(1-*J3Wel!J.Nl GO TO 120
GO VU 11~

116 CLINTI 4U--
0! AGu.TRJlv,

C READ MAX!IJ4 NUM13ER OF P-ILS PER LINE

120 CON4TINUZ
ORITE(TER4, 130)

130 FORMAT (S20NT!!q M4AXIMUM4 NUMBER OF OCLS--PEP LINE: 0)
REA0(TE,14l0oCR~m12O) PELMAX

140 FOAAAT (14 )
!p(PELIXGr~o1AN3PELMAX.LE.172e) GC TO 160
WRT(TR4#I5O) PELMAX

153 FORMAT0%3NUMHUUR OUT CF RANGE (o's.1696i')
GO TO 12J

C
C AEA0 VERlTICAL SAMPLING- --

160 CUNTItJUX

173 FORM4AT(0 SEAT1R VERTICAL SAMPLING: '
READ( TERG180o.E9R31l60) VRES.

130 FOAJ4AT(12)
IF(VAE5oGlo1.%NO*VRZSsL!*I1 Onl TO 190
WRITE( TER49 1501 VRES -

Gil TO 160
C
C RTAD I'ADAMCTER K
C

190 CONTINUE
WA1TI(TERA#.1921

192 FORMAT(OSENTER PARAMETER Ki 1)
- RAD IT 0 4 o1 0 s RPO190Of K
IF(KoG~!.1.AND.KoLE.330) G1) TO0(N
WR IT ITZA As ISO) K
GO TO 190

P-1 UNCLASSIFIED



VlN%L. A3 r 4 m

C
* ~C -4 _ 4'41'4JA cY%'FssN LPHAENT~

200 CONTI NJZ
wol r:(T:RA .4210)

FRnA 4TA.4,rR20 CMPI I
(L 044t. ' *,ti.A0 N.)* [4A SZLE o1'3 ) GC TV 0

I ..GO 7iJ 200

Cl'IM' LINr.SS IN L3ENGTH~SE

20 C04T IN J
OR! T '( T-R 4 250)

230 FUQ W1T ( ; J4TE 1.4 1SIIJ4CA CMNE SS. T L I~ PKE E ?
REA)(T RA91 40 tER32 40) CMPM'AX

GCG TC 3I20

32'CGONTINUJ.
*RIT2-( % Rms230)

2'30 FOR%4kT(SRRF4J~J; I SlCAN LI=MNSLTOAPr-CENN3EFCFsS
H'---%-)TEAv4.11. -4R=2) EFUMAX

IF(LIN4;A.oTT~lADLNeE30) GO TO 310
wI~tTi-OR.NaINN) -11Ti 2d
GC TO 320

C

203j C0,NTI4Ju-_

k':~ R.~Ei T. R4 s1140 , RR 2 0) ERMO
XF (71;,Q3t-L1M).O.I) GU TO 310

GO.q'4:) ',T TO 30531

310 CONTIAU7
E01. I z"A .itRro4L IM-1 S(RK IM

GOO TO 350

G ~ O T~uR 305 FLE N U~

310 CONY INJE

317 CONTINJE~IM-

31C FRM NT AR16) ~ h

C

400IT F)iIPJT ATRAS TRS'

* - OERROR ?3ATTERN PHAkSE =9914/
* 03%4INI'4UA COMPIESSED) LINE LENGTH =@,j4,4 BITS'/
* 0NUABc:F OF SCAN I-INES TO 6~E FRCCESSED --. 16)

IF(ERR,40a*).i.N) 'ORIT_-(LPFIL#4!.0)

UNCLASSIFIED



~413 Z)FJA4 %T CJN tzosI4i~~'

42~0 F '44AT( I I, Fk4,JP.3 C5TA INED r~cm isg, YAPE I)
C~s~* 51~Sb .GI'j PRUL)AA
C 1I' %L I~
C

TC LL= 0

I NLNC T =
ElRJFF=E-JHAS_=*j324
CZ!L CT=3 2
CT-LP= I

INREF= I
INCLc3=2
0 TAEF= I
0~ T C 3 3w 2

07 A3= I
PT %U=,

PT Z'4AX((2)=0
PT.J,4AXU ():.)

ST F j IT =0
C

0) d30 1=1,24)
STFIuFtI )=
C,)3J.W( I)=O

SOO CZONTINJ=
03 BS0 i-1.60
OTtIJF( I*3TRI'F3=0
OTeJF( I.JTC:D)a-o
PEI.SLJF C I1NR:F) sO
P-"LJ(lo lNC301=O

SY4C=.FALS=.
WRITZ=*=ALSc.

C 3S'-ARCH- 4COEE: LOOK FOF E3L BIT-BY-BIT
C
903 CCNTINUT

CALL GETL Ot I2w.'O30E ,LF31TS.L)
GO TC (9 11*93Uo920,2),MCDE
STCP 900

910 COA T 1.4U-
C

EO VJT FOU'4L); ADVAtJCE PCINTER AND TRY AGAIN
COr;LP=C.3ELP.l
GO TO 900

9Z0 CONTINUE
ST3P 920

9.30 CONTINUE

C 3L Ft;UND

SF-ARCH=*FAL SE*
CZ)iP= C3E LP 4+L
IF(ARITE) GO To 935
WR I TE= *TRUE.
GO TO 963

935 CONTI'1u*-
C

C ST!T OUTPUT DECODE-L.INE TC 0 AND %VRITE OUT
07 JFc ( 1 0TCOD ):-0

950 CONTIN~UE
WRITE(OTFIL) OTL.NNO.P- LMAX.(OTBUF(J.CTCOO)).ISI 60)CT LN 10 L4.140 BF

960 CON~TINUE
IF (ilOL)E-2 1000. 'P03

965 'STOP 965 
-,--.. ....1000 CONTtLE

CC AlRFOR4 ;)ECOD_= OF A CCMLETE LINE

p.- UNCLASSI FIED
4'P-3



UNCLASSIFIED

C FIR.5TqS-T 3JTPUT 3LJFFEF( TO WHITE
C CJNLY *3LC)K JRU46 WILL 8-: INSEFTEOI
C

OT3Uf ( I JTCOD) i)
1010 Ct~j'4 4U~

C
TIDE 4=25
CT:-LP1l

PT.%x1

1020 C ~J T 1:4 U.-
CALL T#JO3TL (1.N&X.CCLOF.,STATUS#.)
GO TO (10JO.1)70.1O70.1035.1032), TATUS"--

C 1 2 2 4 5
STCP 1;).)

C PJN AD-3 CHECK -.ENGTH CF OUTPUT LIN---

1030 CJNTINUEF

IF(UTF.P:--~eLM#1 X) 20.31,2031#10'50 --

1031 CONT INU--
IN~DX=29
GO TO 1020

C
C 11 ZEROES3 DETECTEO; CHECK FOR FILL AND LCOK FOr, ECL4
c
1032 CCNTINUS

ZEnO--1
1033 CONTI.'UE- - . .

CALL CZT-f3(1.MODE9LBXTS.L)
C

GO TO (1034#1053*1050#105O),MODS
C
C - CHECK FOR F ILL- --.-

C

IF(ZRO&E90AN~0TE~sL~l)GO TO 1040

C -"EOL FN
C

GZ3 TO 1060 . .

C
C ZOL a33TECTED

1035 CONTINUE
C.:)LP=CDZLP4+L

1040 CONTINUE
IF(JTELP.LE.1) CO04SEC=CONSEC+l
IF(CONSEC-2)108001000.2000

C
C - - P.-Os3LF-AS#PROf8LES"4 -. - -- ~- -.

C
1050 STOP 1050

C LINE LENGiTt CORRECT* EOL DETECTED FROOFALV WRITE OUTPUT LINE
C

WFiITEz(OTFIL)OTLNNO,PEL.'AX,(OTBVFLICTCCO),Z=1 ,60)
- CTL.NNC=LNNOSF

CONSE-CI
XFC'JNE) SYNC=.,TRUE@
OTREF=OTC 00
OTC00=TE4P __

LIN TO i00'0 'D4TH .-

..- LNETOO LWA; OR 01AC

1070 CONTINUE
"..........WR TTE.=FA LSS9 -

C

. . UNCLASSIFIED~

.........-.



.j 04 A 4 J I I- L 0

1040 C2 4T lj7

IF(*NJT..;Y4C) ..'JTJ IC90

C

C WRIT LAT ;iD L114 Z.4X(~1JFIOCD,3.O
1110 JTL L'AA*(4TNOJFP G9TQa TO 10000

GO TO. I9II3

C
C *AT1 A~ vi4IE LG
C

0 11 0 ll 0 15
21 J0 T2~AeN 5%J ?4SS( 193CT TC.12 )=O')'

IF CT CTUS4'ESL FAT* E1.4~ )!STVT FACOR 1 TOF 1000

C

A0,O OTINUEOT NRN /FOT T~
WRIT.E(LPFlLs2023) CD.NLC ATSF3TINTFAE

2010 FOI AoT( TTL 0 )-"NR OF EDTCOOE (31912* EO 4~

C lv3P01T CUP ERLJ FATsEQR' S'SIIV7 14.6 ERO RT

C

wRITCL.'FIL.2a~a) TCF3,*CF4 ASFITINNTERT
123 FO AIT(-OTOTAL NSUNE FC~O 37T *AHN (CF) ',F.

0 J*A OCESSIO FCOE. FO 4 SACIE (cF 918/.4

CALLTA E'4R.4ES PLOF OF TFLAF ES i $918/

SCL TTPT~ILC9IG

C

CAL E'R4SPIN(2.$64,2). ~PELT(2.864.2) ,FCT!A) .T4

CTC

C**** LABRLET,04N4NC3BTCNELN(
* C3t1RFOCDtTESF3T
C* m4N/ 28 PT/A S 3 C\AK(2 8I 2 2

I CNECT' \l. -. -K~tITLZ

.C

C 3TIV 440t T /HUFF FROMDE 3 CO2B2UFOED * 3

LABLLE CONON ARIBLE
C

C ECOE CNE LNEINRECESSARYrEFSTOIs
CTOB

C,)4vi~k41^ UA'JCL A S S\ ITTFNXE 0
C0,4JI/L ~ijCIE %CH DI PvSYN#LS RT#Z.OLET*HO Nlb ~ - 0 - ~ow'*CUa- -



t.JICLA SS IF I ED

I(LJITS#-C.iLP-l.L~oC)CLLT) GJ TC 200
I :(C J..iLZT-(JELP* I I17O.1v 00 1hdO

13'iTGP 1I
lia C.)4'dIU

ST'cJJr'(1)=1 43( STF3jF.Z:LLP.CD ELCT-C:Lcl+1)
3 ,4NT 14 %J':
C.)E&..a -(.JELCT-CDELP)
C0 CA LL 1 C 3 )

oiCJ-4T1NUd
voij4314J( 3TFt1JF#C:)-LP Lr3ITS)
L=L JiTS
IF( Lo': )o Is 043 V4Z9Za0) GC Tj 430

2 IF !(L .":lei2. AN.wR')*EQ*CODt( 39,'2s1I G~ TO 300
23CU'4TI!~1UE

40 Irc21
RE1Jh

300 C'Y4W: 'J

*400 Cr 4 T 14J.7

j SV3RJJTIN'T ZN~CL,3d
14PLICIT 14T-:GER(A-Z)

C****S** L'i4i.1 CC04,40N /G3253ZT/ *****oc

INT,:R 'A3K9CU14ASKo.L131T)LZ8IT A

C01443*I/JFFPELf3JF( b092) CDJJF( 24C *0Te3UF 50 *2 9
* STFr3UF(24))o STAT(30C'CH,

CO %44 JN /-=R AY /Err%'RS( 25 30)
C****~**********~*~F!.. DCFIN!TIONS **********

C
C J4.AZJ=I LES/E1 9. LPF IL 9 PCLF I L v CTF I L , %;F I L

C
C******e**********LAbEL.LE CVM4 .N V~qIA -LES ***********

C
C~ AiJ%4/I V A/r3=L4A~( ,VRS ,PH46S : C'iP 4*X* E!RML;DL INMAX ,K

* =RRCNTo 1Nt.N(TvCCNSEC*LNNCBff
iNCO-0 INFA1F .CTCCD9,CTRFr. STF-3IT,

C4Y4/IZ+~/DPT AL) A'4 TTTNNYY
Z)M 3 :r A - 1 % sTt NN9

C:)4/-GG1 C/.D1 C IAGYN, NLS.XTSI.T Z.LtIZ 9-C, T CCLqON= 1
*CCNECT

LOJGICAL SEA4CH9 DIAGSYNC. a~ WRTE #LoF T,CHCOL 9ONE 9CCNECT

C***************~*~* '1EGIN PROGRAMI***s******
C
C I'4ITIAL!Z-- VARIAI3LEb

COE L CT=3 2

0C 50=2t240

C0HUtF(I)s0 . . .. .

STFL3UF( I)=0
50 CCNTI.4UCVV

I'JLNZT'I4LNCT+1

C

I L3A L N,'4.PLT L I .N1U4J 73jFFECR4
C

wUNCISSI IIX :C



UNCLAS3I F I ED

120 CO NTV4 Q:
00 1.1. i=1.',i
'ALL 412J(C0.X( 3*92*19COSUF9CMYLC T+I,*CODE( 1 992#1)
%..JELCT=CD3 .CT+ - (It 92,1)

1.3) C )t4T 14UE

STF,3JF( I )xCJBJ)F( )
123 C O'lT 1. J

GO TJ 400

1413CO NT 14 UE T

63 CONT 4FINC IEPONES CZR

C

CA~LL *4123 (CODS(3992v 1 oCD!3UF *CELCTii.@CCDE(2,992 91)
C:)LCTCD -i:LCT +CiJOD:1 92 1)

CONECT=.TRU-E;.

PE L= 14 ti(P EL t3UF I 14 ZCC:), I o 1)
I F (P EL) 5 050 b6 0

t)4 0 STOP 640

8 LACK 3--L NOT FaUN4D

6513 C-NTrINT

c 3LACI( PEL FOUND; RE-C:?RD AND LO~OK FCR WHITE Pv-L

660 C3NTINL.E
'lNC I OPTI *I 4CO)--I

670 C3OJT I NUZ
ar-L=14 B(P',L 3AJF(l . INCO), 1.1)
IF(PEL)08 3, 70096';0

680 STCP 680

C 4AITE 3SL NOT FOUND

ol)0 CONTINUE
I= 1+1
!Ff(e.;T.(k'LM%X*U) STOP 69~0
GO TO 670

c 4HXTE PEL FOJ'4D; R---CRO) END OF a3LACK RUN
7D3 CONTI'JUE

* PIN( 2,PTI 9INCOD)= -

DTI=PTI.1

IF(I-P=.24AX) 6309630#71 0

c ADO OF LI.4iZ

713 CUNTI14U=
P 1 PI4( 1.PT1 9 1 WCOD) PE LM AX+4

11 ( 2 9 PT I s I NCO:) )PL.4AX + 5
PT IMA X(I NCe) =PT I
IF(*-'4OToDI13)GO TO 721)

WRIT=CT'-R 4,7153)( PIN( IJ, INCOD 1 1,2) ,J=1,PTI)

P-7- UNCLASS IF17I.D .



U Nt. L A 4,l r I 2

715 FOR'4AT(216)
120ClTIJ

a a2LA.; T 1
C S'-T -JP A~ ANDQ 13 '30ItTZPS Frt.4 TAt3L.-

PTAIl
PT 3.=

74-0 COWTII U7-
A2=PIA'(2 *Pr I NREF)

745S CON T NU,:
td=PIN(L ,PTE!*ZNCOD)

753 COW4NUS - .--

IF(J2eGT*P EL4AX*1)G0 TO 210
C
C OETERA4INE APPLICAI3LE CODE RULE
C

IF(A1-31*t;T*3)GO TO 800
IF(AI-AI.GT*3)GQ TO 930

C /11-AI/ L*- SS THAN OR EQUJAL TO 3, TE-ST /132-A2/
C

1F'CA2-t32*,-T*3)GO TO 830

IF(t32-A2.GT*3) GO TO *450
C

C PIOC.3SS CWaNSCT

760 CONTINUE
ZF(EN3)CNT,*.E*)GO TO 770
EN0C?4T=EN0CNT-1
CALL COXJUTL(5:).COELCTtCDOATA)

GO TO 76O

IN)EX=(a31-A1*3 )*7*(Bf2-A2 ) 4
tALL:CWS)TL([N40EXvCOELCT9COATA....I

CON!rCT=*TRUE*

C ADVANC4 LINZ~ A AND LINC 0 POINTERS

IF(PTA...T.PTtV4AX(INREF)) PTA=PTA+1
XF(RTdoLToPTIMIAX(ZNCO0)) PTE3=PTB+1
GO TO- 74-0 .. . . . -,---

C
PROCESS HEAD

C
800 CONTINLDZ

L= d2-a I
0- 131 -3 2L AST
IF(L*GTo40)GO TO 810
'CALL COOB3Tt.(L+50oC0ELCToCDATA)----
^40 TO '350

C
C LlNGTH Gk'-ATE-R THAN 40 -

C
810 CON'TINUJE --

IF(L#GT*?1)GO TO 820
L=L- 40

-CALL CODSTL(919CDELCTvCDDATA)------------ ~ .. .

CALL M421(LCD3UFCDELCT+195)
CDELCT=CDELCT*5
CD.3AT A=CLODATA +5
GO TO 840

C
C, LENTH GR.7AT!-R THAN 71-- - - ..

C
820 CONTINUE,....---- . .~

IFCL*:3T&5c2)GO TO 830
L=L-71
CALL CO~caTL(929CDELCTvCDOATA)
CALL NI Ztd(L9CDBUF9C0ELCT+t99)
COELCT=CDELCT+9 .. -- ..-

CDOATA=C0DATA*9
GO TO 84-3

C LEN;TH ;R-=ATER TH-AN 582

8330 CUNTINUZ

UNCLASSIFIED



-ft

La L -3
CALL COJITL(-)3, CD'LCT CZOAT A)CALL '4 2t3LCJ3vuF'*C~rnLCT+1 I I)

Ci),OAT %ZC )0% TA. II
h~4J -.' 4r 1Ur

CALL. 4J 2 'J(I.CJLFtCDCLCT+1I)
CaEL &TQ%:.ZL.CTf-j

5TFd IT=,;TFa IT~

CSLCJ.:L(,1,CO)ELCT eCOOATA)
t32LASTa'32

c CLN--C-a. PAL 3--
C 40V4C- LI 4E ~3 'CJ NTEFRS

C

950 C 0NT 1-4U:-
If(CJ"JEZ.T) ,b T, 960
IF (AZ -82L A3Tea1973 *960, 96'1060 CU4TL'4UE

973 CtiNTI'duz

C, A3VAN..:: LINS A ;3CINTERS
C

ZF(PrA ...T.P TI4AX( INF<EF) )IT4=PTA, IAl aPIPN(1 *.TA.INRFF)
A2UPI14( 2, P'TA,, ANREF)
GO TJ 7530

213 CO.,4IZ4ue

SWI~TCHi ZODE G kEFERENCE LINES
TI VPF= I NA

1 NC3 J- TZ A P
C
C TRA43FER :tU OSFU

C ~ E~ (CEC+21)/32
3) &34J ZE2*CDSLW
iTrFJUF(I )=C08JF(I)

C240 C 0NT I P-)E
c SAVC LINIZ LEN'GTH(DATA 6ITS PLUS ECL)

C CtiECK COO0-D LINE LENGTH
C

FILL=CM0O4AX-.(CELCT-3-)

c IF(FILL) 400.400.250
C CJOE L IJE TO)O sHOrT; FILL IT TO CV'PMAX250 CUNT1.4jue

CJ.LCT=3ELCT F ILL
c ACCU4k)LATE STATISTICS AND ERROR CC~kUPT

400 CONTINUZ

c IFEAROL)*- QNN)GO TO 390

C
360o CGNTIK4UT

ER~ITinRRORSPERPT)ERRFFTCDEL
YFC(-:RRQYT.L6.0) GO TO 360
IF(CJIT*TC3LCT3-) GJ TO 390

C ERROR I'l RANGE or CODED) LINE:; CHANCE s~ppRoprIATE BIT
aZlT= 14 L3(STF SUF, ERR 0 1T + 32I

CALL Ni2(~~SFiF'-R6T3'I

P-9 UNCL ASS I F lED



C
C I 4C i =.A 4T :',%R L IST PfLINTtR

363 C, ' - r 1T4

I~C~J.LE.Er~L,4)sC TC2 Z50
c
c -l '3i LT 1t-AUSTZ0

F q q, NT- I
44 1T:( L3F IL,9370) Ek~R4 tRSCRICRPNT)

3 70 F ';IAT 0 J2~ L IST EXHAUSTEO AT I ItCTH ERROR;'

~ LAST =-RkCR DCCUFRHdO AT'0.0 DITS*)

39C0 IL JTNT 1 N/J7
TOLFL4C (T:F )LLz ,COELW)T .1

TCJIr:(%-% CL-).5T +CSDT~d A ~ =~C!~

16050 -4 T(41P

C

SU~UTEL = CL 2 CUT +22-1 ) C 132,~)CTA

CN/uT'-/PFL945C)(0,2),JUPC2o),ox3Uf-(E, 21
wRIT:(-FI 5 STF~dUF(4) (SIAT(30=00*C).7

C
500********' I3EGIN ING~\ ***************

CALL EXIT((,l)CfU.LTIC')R(.CJ)

S~tWOUTIN.E CU.)tTL (ODE* CELORT AT,)

C******LICIT.~ COM4JN/GER(T/*****

CdJ'4N/1UF/PLwrLJ(60.2), CD)LUF(240 OTOUF ( 60.2-).-
* STrUUF(240)o. STAT3000)9
* PIN'(2,86C4*2),PT(28642)*'TNtAX(C2*PT'4AX(2)

CJAMN/H F/CjE(3922 )CO ERWC,303)
CU ON :4/EAY/-=RlORS( 250 3)

C&#****.******FIiLiFNT OS**********
C EINP-G A

CLL/FILr3CT0Cqr4,LPF iL.PZLoD8FoC. T~ OTFLRFLDR( 9*J
CJ C=L9C+3EZ(I9CE

C************** LAEIELLED COMMON vAXAL3 **S***********

* ~ ~ SFU (N240 ) IN~. STCUDT. E000) 9 T

C
~~~~~ ~LBLED CCMN VAORIABLES*******~**~*

ERRCNT9INNCLNCLASSIsLF IHD
INCUU9IN P- 0TU* RE s F8 9



C
C dT.GlN L),D OOP; FRETr~lVE NEXT COD"E WOFrO LENGTH (L)
C
10i00 CUNT INLJE
130.2 L--1N0IiT.ZO (1I 00XoCOLCR)

CiLL .;-TLt( L--.4blTo--4LDELUI TS*L)
IF (DIAG) WRITE(TERM4,1303) LEN13tTvk*OtZ.L8ITSsL

1 )03 F RAT (21 6 oZs 16)
GJ T J (IJ 43 p1200 p120 o51190) * '40'M7
STO-3 104~3

1040 COA4TIN UT
IF (LIJI's E) #CJ,)- (3 1NDcX 9COLOS) ) GO TO 1100

C l4ATCH; AVANCE CODE WORD INDEX VIA DECODE THRE AD

IDZX=C3J':-( 2o INDE-X#COLLR)
IF(INOSX*GE.921 G0 TO 1190
IF (CJY)E(IINDiX *COLOR) eEQssLENBI T) GC TC 1043

C CO--WR OGR FROM THE TOP *.7;~.

C

C :4ATC A4 EOL
C

C :40 V4. EO

C

RUNLE4=I-NOE X- 1
IF(IN-);XsGEss6) RNLEN=(1NDEX-64)*64

C 1F(kU.,LE4.E3.0.*OAND.OTELP.GT.1) GC TC 1190
IF(RJlL2,4ssEJ&0) GO TO 1160
IF(COLOi-SQ.1) GO TO 1155
IFCRUt4LEN,,LT,,O) STOP 1100-

C A.0 3LCK-1N O UTU BUFFER

00 1ISO I1 RUNLEN
CALL '412d(CLOR-1.ZTBJF(1.OTCDD).C'TELP,1)
OTELP=GT ELP+l
IF(OTEL-1.*TsPELMAX) GO TO 1180

1150 CONTINUE
GO TO 1160

c A)3 WHITE qUN To OUTPUT BUFFER (bY 0CFAULT)

1155 CONTINUE
OTELP=OTELP+RUNLEN
IF(OTZLP-1.~aT*0EL:AAX) GO TO 1180

C OUT'UT LINE LESS TH$tN OR EQUAL TO MAX SPECIFIEJ

1160 CCNTI'4UE
IF(INDEXeLT.65) GO TO 1170
INCEX=3
G.u TJ 1000

C RUN ADOEO TO a'JTPJT LINE;* LENGTH LESS THAN OR EQUAL TO PELMAX (1)
C

1173 CJNTIAJUE
sr AT US =
RE TURN

RUN AD-)ED UNTIL PELMAX EXCEEDED; LINE TCO LCNG (2)

C
1180 CNTIN - ~

IF(DIAG) WRITE(TERM9115) INLNTUFID,RUNLN,LBITPTAPT
.1265 FORMAT 'QNZ 61B

STATUS=3
RELATURN ~ ~

P-l



R ETU RN~
C
C E)JL OET=-CT-:2 (4)
C
1200 CONTINUE

.3TAiTJ3=4
RE TUR N

C
C 11 Z2RJi,)ZS (FI'IST PART W- =EDL) DETECTE0 (5)
C
1205 CONTI'JU=

STATUS=:3
Rq!TJR.N
E N 0
S'JBROJT:4:= TWOOTL( IND=X9CCLOR9 STATUSqL).
I4PLICIT INTEGER(A-Z)

C***~**LAFSE.E. CO.4'AQON /G3231T/****

COMMON /G32t!IT/MiASKC32 ),CO4*ASe((32) ,LIBIT(32).LZEIT(32)
INTEGER %lA3KCOMASK#LIBIT9LZ(3IT

C
CO'4,'403/3UFF/PE-SUF(60,2),CO):UF(240),OTBJF('092),

* STFBUF(240), STAT(30002.
* PIN(29864,2) ,POT(2.86492) ,PTIMAX(2),PTOMAX(2)

COAMON4/HJFF/COOE=( 3, 92, 2) ,CODERD ( 39 93) .

C OMM'4'E RAY /:RqORS (2530)
C******************FILE DEP IN!TI CNS **.*******

C
C OMMON/F ILE S/TERM 9LPF I L 9 P6LF I L. CTF IL # EFF IL

C
C****~************LASEt.LEO COMMON VARIAeLSS***********
COMMO4/IVAR/PEL4AXVR-SEPHASECPM.AX:ERRMGDLINMAX,K

* CDELCT,1NE -LCTTCDATATC0ELERRPNT.ERCFFERRLIN.
* . - E.RRCNTqINLNCT9CONSEC#LN4NO8F*
* INCO09iNR=-FCTCOD,OTRE'=.STF83IT#
* PTAC, PTBOSCO'MON/ICHAR/009 I I 0M* TT 9NNtYY --

CO 'l~O/.OIC/S=-ARCHtD IA G# SYNC 9 LSSt WRI TE t ZER09LEFT eCHCOL *ONE
*'CNECT
LOGICAL SEARCHDIAGSYNCWRITELEFTCHCCL.ONE.CCNECTHC

C aZEGIN OECODE LOOP; RETRIEVE NEXT-CODZ WCRO-LENGTH (L)

1000 CONTINUE
100Z- LENBI T=Cf~OERD( 1 9 NDEX) -----.-

IF(O)IAG) WRITE(TERM91003) LENBITM0DEL5ITS9L
103F0RMAT(216,Z12,163

r GO TO (104091200#1205,1190), MODE
-STOP 1040--- -

1040 CONTINUE
IF(t3Ii.,0.CDER(3.NDE))GO TO 1100

C N4O MATCH; ADVANCE CODE WORD INDEX VIA CECODE THREAD

C T

IF(INDEX.&3Eo94) GO TO1190
IFCCOO)Z-DC1.IN)EX).EQ.LENBIT) GO TO .10 40

C
C CODE wORD LONGER; FROM THE TOP
C - -

0.) TO 1002

C AATCH FO.NC
C
1,100 CONTINUE --

CDELD=CDELP+L
C__
c NOT AN SOL-- -.
C
C.
c TZST FORi C%3NNECT9,'EN09 H-EAD- CODE....
C

IF(.ZNDEX-50) 100.-2000.300-------- - -

C
C CONINECT CODE EXTRACTED FROM CODE LIN:

100 CO NTIN14Ua*
C..
C TEST LINEA POINTER

- - -*P-12UNCLASSIFIED
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C
IF(PTAO.'5T9,TOMAX(OTREF)) GC TO 1190

c-31
POT(1,PTd3OJTCC.DJ=POT(1,PTAC,,OTREF)(INOEX-l)/7-3

C CH-C'K F3)R OVERLAP wITH THE IREVICUS RUN

IF(POT(l.PTBCOTCOD).LE.CTELP.ANO.OT!-LF.GT.1) GC TO 1190
C-d2

PUJT(ZPTtdU.OTCOD)=POT(2PTAOTREF)+'4CD((INDEX-1).7)-3r OTECLP=POT (U 9PTt3O9TCCOOI
IF(3T-'ZL'.LTol) GO TO 1190
IF (OT-LPa TPELAX IGO TO 1180

C

C
PTAO=PTAZi +1
PTaJ=PT30+1
GO TO 1145

C
C EN40 COD2 DETECTE-Dr
C

200) ZONTI-NUE
C -

C TZST LINE A POINTER
C

IFCPTAO&GT*PTOMAX(OTREF)) GO TO 1190
C
C AIVANCE LINZ A POINTER- .-

PTAO=PTAO ~1
GO TJ 1160

C
C HCAD CO DeTECTZ:

300 CONT INUE K
C . - - --.- .-. ..- - . .- - .1

C FIRiST CALCJLATE= dLkCK RUNLENGTH
IF(INCOXo.;To90) GO TO 3'710
RUNL:"N=I.405X-50
GO TJ 350

310 CONTINUE
IFC(INDEX. GT*91 )GO TO 320

----------CALL GETLt3(59%iUZDE9LEITSL)-
IF (.ODEeNdal )STOP 310
RU NLE N=Lt3 IT S+4 0
GO TJ 340

320 CONTINUE
ZF(lNL)EX*GTo9Z)GO TO 350
CALL GETLt3(99.400ELBITSoL)
IF ('0D0E*1.) STOP 320

- R'JNL-' L t3 IT S + 71-....
GO TO 340

330 CONTINUE
CALL GETLdi(l9MODELBITSsL)
IF(,iO~o'Es1)GO TO 1190
RUNLE.NL3 ITS+ 58>

340 CONTINUE
C DEL0= CDcL P +L
IF(I4t3(L3ITS.32-3,4)#NEs0)G0 TO Z50
CALL (ETLB( 1,i4-DE9L8ITSL)
IF(MJDE*Aaol.)STOP 340
CDELP=CDELP+L
IF(L3ITS&-4Eol)GO TZ; 1190

C

350 CJNT tt'UE -- --

IN.IE X=3

iINt3-T: (V4DEX.CLZLOFoSTAT3,'L)

C-31
PO(,1 ,PTtlJOTZC)EL4-F.UN

C-t

C *t, OV. N.iY ON LINME A

P-1 UNCLASSI F I=-o



UNlLA.A>lt4t

373 C0NfT INUE
IF(0Tk0O.T*PTOMAX(CTRE7F))GO TO 400
IF(POT(1,P)TAO.OTREF)sj;T.FOT(Z,PTi3OOTCG0?-3)GO TO 400
-3TAO=P,3TAJ+ 1
io TO 370

403 CO'4T~klUF
A3VANCC LIE a POINTER

C
PT.-30=PTBJ +1

C
C ADD BLACK .hiN TO OUTPUT BUFFER
C
1145 C3 NT IlUE -

* PTCMAX (OTCO0OhPTkJO-1
I F(RUZLSA) 119 0 ol190s 1147

114? C'JN T 1-4UE
00 1150 1,RUNLEN
CALL tA23(1.OT8JF(1.OTCOD)*CTELP.1)
QTELP=0rELI'.1
IF(5T L-1.GT*PELM4AX) GC TO 1180 -

C JN ADDED TO OUTPUT ..INE; LENGTH LESS THAN CR EQUAL TO PEL4AX (1)

1160 CONTINUE
STATUS:1
R 3 TU IN

C
C -- RUN ADDED UNTIL PELMI&X SXCEEDEO; LINIE TOO0--LONG (2)
C

1180 CONTINUE
IF (OZAG) WRrTE(TER5.1185) (OT8UF( I;0TCOD )f'I=1'960)

1185 FORMAT(6Z10)
STATJS=2 -**- -

RETURN
C
C -- NO MATC4 F3UND IN-CODE TA83Le-t3)
C
119~0 CONTINUE

IF(DIA'j)ilRITE(T-JiM91195) INLfNCTeNDEXRUNLENL5ITSOTA0,?TBO
1195 FO.RAAT( 'TWO%@6J8)

STATJS=3------------ --..-- ..

RZ TURN4

-EOL DETECTED 14)- ----

1200 CONTINUE -- -

RETURN
C.........- - - - - - - ---.

C 11 ZEROES (FIRST PART OF EOL) DETECTED (5)

1205 CONTINUE --- ---- --------- '-- .-

ST AT US=
- RE TUR1.4 -- - -- ---

IMPLICIT INTEGER(A-Z)
C******************FIL:E- DEFINITIONS--********************

C
------CO.M'MON./FILES/TERMoLPFZ-LPELFIL.OIFrLi~fFIL

COMMON/t3FF/PELi3JF(62CBUF(240)OTEUF(60o2),

---------------. SFBUF(240i..STAT( 3000)-..
* PIN(2986492).POT(29864, 2)@PTIMAX(2)PTOM.AX(2)

COW'4JN/HUFF/CDDE(3.92.2),CODERD(3993)
CO MMCNZ/ERAY /ERRORS (2500)- ------- ----- -- _---... -. I
C****************LABELLED COMMO0N VAR! AeLES ***********

S COMAON/1 VARVP =LMAX 9 RSEFAEERDr NM'AX'*K
CO'40I.I/VA/IN.NNOTLNNOTELt.IELPCDELP.OTELPCDELW, 7

......--* **---. . -. CDELCT* INELCT.TCOATA..TC.LERrPNTERrCFFERRLI.4
* ERRCNT, INLNCT*CONSEC ,LNNCBFo
* INC0D*INREFv0TCCD9OTREF9STFBJT,

COMMO4N/ICH-A'R/DD.II ,N4NITT.NNYY
CC) MN/-GI C/SEA CDZAlCSYkC 9LSS 9 RI 1= tZ; OPLtg!FT tqCCL 9ONE,
*CONECT

- . _UNCLASSIFIED
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r

LJ.3!ICAL SEA.'CH 901AG 9SYNC. sWRITE sLEF T.CCOL9,;NE CCNECT
C

.)A T, T-!R4.L-'FZL .!LFILCTFIL,8rFL/56.1,2,3/

DATA -l-2-4AX .VLSo,-AS'C'PMAXEIODLN~4A/17428.20,.;6.'T',3000,
04 TA K;/
DATA4 JIAC..FALSE-/
.)*Ts. CO.) E(1 I .1 o .l C ])DE(2 o 1 91 ).C'C(3, I.s A 8. 70oZ0OB5/

')AT A CO.)E (1.9 391 ) CJJD (. 3 41 )sCOCSE(3, 391)/ 4. 5.vOOO7/

-DAT4 CGJiCl. 5,1)*CJDc.(2. 501)OCODE(39 5.1)/ 49 b.ZOOOUI
D)ATA Ci5(. ,)sC0DE(c.. 0sI)oCCOE(39 691)/ 4. 7,Z0OOC/
DAT A C30. 1,s 79 1 ) 9CDE( 2s 7s2),*CGOE 13 v 7.1 )/ 49 SZ000EI
DATA COJIE(1. 8*1)*C3DE129 8-1)*CQOE(39 801)/ 4. 99ZOOOF
.)A- A C3 ) E7(1I. 90 1 ) CCDE (20 9 * I) CCE ( 3v 991)/ E' 10 aZ 001 Z

DATA CO.)E(l. 11.1)*CJL)E(29 1..1)sCC0SC3. 11.1)/ S. 12t40001/
DAT % C~j )iE(CI 1 2v 1 CD:( 2s, 142 91 ) 9CODE ( 121) !p 65,ZO%)%b/
3 4TA C3 )EC1I. 13#1).C QO---(2 o I Z # I).CCDE(.- 1291)16s 14.Z0008/
JAT4 C3.) -(1 1 l4o 1 vCJDS(2# 14o1 )*CODE( 79 1491)/to 15oZ0003/

DATA CODE( I 1791 ).CLJDE(2.:' 171 1 ) CODE oI v. C7) o. 18oZOOZA/
0 4Tk C],)E ( 1 1,391 ) 9C 0'( 2 1 18ol ) COCU. 161)6 9 S*I f 9.ZOOE'/
A -,A CL.DEt 1 19,1 ) 0C:)Ec 21 1 SoI) sCLOD.( o 194.1)/79 20#Z0027/

DATA COJEC19 20ol)9C3DE(2v 20.1)oCr0E(39 2091)1 79 2loZOOOC/
0 AT A CO J3---( I 2191 )9C C, DE (2s 21#1)#CODC(39 21.o1I) / s 22oZO008/
DAT.A CO)E(1. 22,1).CU)UE(29 2291)oCODE(39 22.1)/1?. 23oZOC17/
DATA C:: E I Z3vl 9C OX'( Z 2 I) 9C Ca( 3 s 2:) )/ 7. 24 vZO0-/
DAT A C" a I(s 2411)o.C)JD;:( 29 24o I) 9COOE( 2s 24s.1 ) /? 25.Z0004/
DATA C336(1. 2591).CJDE(2# 25.1)oCCOE(Zo 25.1)/ 7. 26,Z0028/
DATA COD)E(1. 26,1)s.DE(29 26o1)@CODE(3.o 2691)/ 7v 27.Z002B/
DATA C03EC1. 27o1)oCODE(29 27.1 )tCDDE(39 27.1)/ 7. 28910013/
DAT A COD 1CI. 2891).CDE ( 2 2891 ) CCOt-'A39 28911 79 29oZ0024/
DATA CJiDE(1. :9t1)pCODEC(2 29.1)oCOOE(39 29#1)/ 79 68sZ0018/
L)ATA C33E( 1 3091) 9C 30E(2 v 30.1 ) oCCDE ( 3. 30.1)/S. 319Z0002/
DAT i CODE( 1. 31.1)9CJDZ(2o 31s,1 )*CL'DS(2 31*1)18v 329Z000-4/
DATA C301 ( 1 3291 ).9C *D 2( 2. 3 2.sIh)C!DE(39 32v1) I 8. 33.ZOOIA/
:)AT A CJ)C( I. 33* 1).*CODE ( ;. 3391 ) 9CODE (3 9 33.11 P 9 34sZO0lk3/
DATA CJ.3E( 1@ 34#1).9C 3':( s 34#1 ).sCODE (3. 34,1)/S. a5vZ001Z/
OAT A COD (1 35.1).COC~r(.29 35t1)*CO)EC3. ' 35,013/6. 359Z0012/
D AT A C3DE 1 9 36.1 )v.ODE(2 s 3o.1 ).CCCE(3. 36. 1)/. 37.10014/
0 AT A COD3 (1I. 37.1).CDD)E(Z. !7o 1 ) CCDE(3. 27#1)L18o 38.ZOOIS/
L)AT A CO.)--C(1.o! *~1 ) sCODE( 29 3891).#CODE(CUs 38.1)E- 9 39.10016/
DATA COJE( L. 39 1) &C)IDE (Zo 3991 ) 9CODE (3 39#1 Lt . 40.1,0017/
DATA CJL(1.40s1)vCD (29 4091).CDE(7, 40.13/ Be 41.Z002d/
D)ATA CJD ( 1 41 91 ) COD r_( 2 9 ql1 I) *CCE(39 4191)18. 42910029/
J AT A C3.)EC 1 421 ) oCOJDE( 29 4:2 vI) iCO:)' ( F 42o.1)/S. 43vZOO2'A/
DATA CJD)E(1. 4391)oCJDE'C... 43e1)#CODE(3. 43.1)/ P. 449Z002B/
DATA CJDE(le 44s1)oZDE(Zs 4491).CO')E(39 44#1)/ L1. 459Z002C/
DAT A CODE( I 45#1 ) oCfL)E( 29 45o.1) oCODE( 39 459 1)/ E 46.ZOO2D/
DATA CJDC(1. 4691)9CJDE(2. 46,.1).COOE(39 4691)/ 8, 47.70004/
DATA CODE( 1 4791 ),CDL±29 47v 1).#CO8( 39 47.1 )1/8-. 489ZDOC5/
D ATA CDJ.E( I 48*1 ),CODE(29 4891 )sCO( 3o 4891 )# )0 . 49,PZOOOA/
D AT4 CJ) E (It 4.91 ) oC JO( 2 49.1 ) CCDE(39 49.1 )/ L. 50#Z00061
DATA C03E(19 53v1)oC~jD C2. 5091)9C0D0'(-lm 50,1)/ E. 51.Z0052/
DATA COJ)EC1. 5191).CJDE(.' 51v.3.CCDE(3o 51913/ 8. 529ZO053/
DATA CJD(19 5:291),COCE(2* 52.1).COD)EC3. C,291)/18. 53oZO054/
DATA CJD-2(1. 5391).CJDCE(29 5391).CCDEC3. 53.1)? 8. 54910055/
DAT % C7-3E ( I 54o.1)s.DDF (2 9 5491).CDD)E(3. 54o1)1/8e. 55.73024/
DATA C3:DEC1. 55,1)oCJDE(29 SS,1)sClODE{3. 5591)/a.3 56.70025/
DATA C, DE (1 56 1 ) vCODE(2 s 5691 )#CODE ( 3 56.vI) / 8. 57,7005b/
L-)AT A CODE( 1.9 57 91 ) CUDE 2, 57t 1) *CODE( 39 57o.1) /s 559Z0059/
DATA CJJE( It 589 1 ) CODEC27-. 58,1) 9CCDE (:! 53,1 )/So 599ZO05A/
DAT A C30E( It 599.1), CODS (29 S991 ) CCDE( 3o 3991)/ 8. 60oZ005B/
DATA C03E(1. b0o1)sCtJDE(2. 6091)#CC'DE(3,p 6091)/ e.q 61.ZOO4A/
DATA C3 Z( 19 6191J.CUDE(2. 61.1).COODEC39 61.1)18a* 62&ZO04B/IDATA C33E(I. 62,1 )sC3D -( 29 629 1 )oCODE( 39 629 1)/ e. 6'#Z003 2/
DATA CJ)E-(19 6391)v,D'(2t 63:1),CCOE(3v 63,1)/ 8, 6i,700:3/
DATA CODE (Iv 6491)tC0DE(2. 64o,1) oCO0.( 3 b4. 1) / 8'j 699Z0034/

DATA C:)D ( 1 9 6691),CD(29 66o1)oCODE(39 66.1)/ 5. 67.ZO012/
DDATA CJ)DS(1, 67s1)oC0)QE(29 67,1)oCOCE(29 6791)/ to .Z17
DATA C3DE(1. 689I)PCODE(29 bS,1)oCCDE(39 6991)/ 7o 30.Z0037/
DATA CDDE(lo 69o1)*CODE(2. 69*1)#CODL(3. 6991)/8 P- Z036
DATA C)E(1, 7091)#CJDEC29 70913,CCDE(39 70.13/8So 719Z00--7/
DAT A CODE( I. 71 91 ) oCOrDL( 2o 71*13,CODE(3. 7191)/ a. 72.70064/

-'-DAT A'CODE( 1. 7291) #COL)- ? 2,1)#C0OE(3,- 2#1)/ es 73.70065/
DATA C30D-C1, 73.1)s^-0DZ(.9 73,1)vCCDE(3. '391)/ L11 74970068/
DATA Q)OECI1. ?4s1).CU0E(29 7491 ) CODE( 'o 74.13/ E9 75,O007/
DATA CODE(1. 7591J.CJDE(29 75.1).COD8(3. 7591)/ So 76.ZOOCC/

-15 UNCLASSIFIED
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D AT A C3DD-(1 9 7691 l.CDC2* 76*1)*C00cE(39 76,11/ So 77,ZOOCD/
DATA Ch(.7791)*C.JD!-(2* 7791)tCTDE(3, 77*1)/ 9, 78.ZOOD2/
JAT A QD3.)C1 78o,1) sCJUE(2 o 78s I) PCOD" ( 3 78*1I./ '; 79,Z300U5/
D AT 4 C3D)e I 79*1 ) 9C 3D-(,d 79v1)9COOD-(39 7991)/ cy, 309ZOOD4/
AT A C:) 3 ( 1, 9 d I)sCJDE(2# 80,I) #CODE (, 1 vO,1)/ S . 819ZOOD5/

34TA C33EC1, S3.1),C-D:(2* 8.3,1)PCC0D(39 8291)/ 99 84,ZOOOS/

.)AT'A CJOa(1 9 34911,CJOE (2 9 84*1 ),PCDE(39 '34 91) ., 85,20009/
Z)AT A CDaE( 1, 8591)o.C DE( 29 d5t I) vCODE (3 s '35 s I So 86*ZOODA/
DATA CUDE(1. 86vi)9C0DE(&'% 8691)oC00E(39 a8,1).' 99 8?9Z00DIb/
04TA CODDC(1. L871)oCD(.2* 87,1)qCCD§(3* 97o1)/ g. 88.20098/
D AT A C:)D 17( 1 98 .1 1,CDL(2 86* ) CCDzt 3 W39 I) / ; , 890Z0099/
DATI COD2(I 89,119C3DE(2,'89*1)*C0VE(3* *391)/ 9. 919Z0O9A/
J AT 4 COlDE( I 9091 9,CDJE( 2 s cv0#1)*C0DE(2* ;0 ,1I)1/6. 13.2 Z0018/

0 lT A CD)DE( I 91 91)#.CODZ(2 o 91 v I) oCOCE ( 3 919 1)/ 9 92,Z00/
D AT A C3JE(1It 92v I).CDDE ( i. 92 s I) CCDE( 3o 92.1)/12. 92 *ZOOO I/
DATA COD ERD(1 9 1 )*CJDEF.D(2. 1) 9CO C D ( 1 I) /I t 49,Z0 6 0r/
DATA CDaERO(l. 21.C3DERDC29 Z1,C0CERD(2, 2)/10# .20317/
DAT A CODERO(to 3 ).C.DErDC (29 3 ) 0CGDR I( 3 3)/IC. ;,25316/
DAT% CJDSRL * 4 ) #C3D F%(2* 41.C00EPD(3. 4 )/ go5. 9 Z0197/

DATA C3)D-cR M I 5)*COOERD(29 Sl,*COOER0(Z, 5) /IC. 6,20315/
DAT A CJ3ERD(1. 6) vCD0'-R3(:! 6)oCi3OER0(3,* 6)/109 7,20314/
DATA C0DXRD( I 7) #CODERN(2 9 7)*CGOER3( 9 7)/IC. 9 .2031 Z/
DAT A 0CDi D(1 9 8)*C3OD35(2a 8)sC0D'F.D(3.o 8)/IC. 21.20312/
0)A TA C33E-10( I 9),CJDERO(2s 9) 9COCERPO0 9 9)/ ';, 14,ZO19b/
OAT A CODER:Ro( I 10)9CO0ERD(2* 1O)*C0DERD(CZ 10)/ E, 12,20007/
DATA CODDC1. I I).9C 3DSRD (Z 9 11 ) 9CODERD(3. 9 I)/ 7. 16*20077/
0 ATA Q ) ER 3( 1 12 ) #C00!RR(2 9 12)*CCDERD3(Z# 12)/ 8. 139ZOQOU/
DATA CZDRD(1. 131.CODERD(29 13)sCl0DSR0(3s *13)/-e 20,20005/
DATA CDD:ER0( I 14)oC ODERFD (2 o 14) %C 00ER (3 s 14)/ 9 15,ZO19'S/

DAT A CDD-RD(1I. 15) 9COOEFD( 29 15) 9CDtRO(3 o 15)/ 9, 229Z019#/
DATA COD!ZRD(19 16),CJDERD(2v 16)*COOERD)(3, 16)/ 7s 279Z0076/
D AT A CDD)a.'D( I 17),C3DDEkD(29 17) sC EDE R:)( 3 17)/ 5. 52.2Z003/
DATA C3O RO(1. 18)9C3DERD(2* 18).CO~lRO0(3* 18)/ 4, 24*ZOOOD/
DATA QDER. (Io 19 ) C JZEkD( 2 9 19) *CCDERD(- 19)/ 6, 319Z003F/
D AT,% CJDC-RD(l s 23)).COWERD(Zo Z01.C0OERD)(3. 20)/ 8. 23*ZOOD4/
0 AT'kC0DEROC19- 211,CDR(2s, 1 ) o CWER921)/10 129vZ031I1
DATA CJ RD (I v 22)*CO0E03(29 231.CODERD:3. 22)/ ; 25*Z019Z/
DATA C33ERD(19 23),C2DE~i)(2* 23l.CCDERD(--. 23)/ 8, 28,20003/
a AT A CODE9R 3( 1 2 4) 9C DOSRD (2 9 2 4) 9CO0RO (3 q 24)/ 4, 269ZQOOA/
DAkT% CODRD(1. 25)tCDE%0(29 25)9C0C;FO(3,s 25)/ 2o 18.20001/
D ATA CO.)E-10(L 1 6) 0DC.261.CODER3(3.* 26)/ 4. 32.20009/
.)AT A CO.) RD(1.9 27) .JDER'D(29 27)#COD)EPD(3, 27)/ 7.# 34.20075/
D ATA CODERD( I. 2A) COO)ERO(2* 28).CCCER-)f3,: 28)/ 8, 309ZOOD2/
DAT % C'DEO( 1 9 29),CODEROf2o '29) 9COOEROD(- o29) /10, 36.203!10/'
,')AT A CUD;-RD(lt 30)#C.3DEP.O(2* 30)*CCQDErD(3* 30)/ E", 37,20001/
3 ATA Q J;5i ( 1 31)oCQDERD(29 31)oCCD'l-RD(39 31)/ to 33*2003E/
OATA CODEFRN1I 32),CL3DERDC2@ 32),COCER(3 . 32)/ 4, 50,20008/
DATA C33ERD(1. 331,CODERO(29 -331.CCDERD(3, 33)1/6. 519Z0001/
DATA C0J4R0DC1o 34)oC3OE&D(2% 24) *CODERD(Zo Z4)/ 7. 39#Z0074/
DATA C3dER3(19 35)9C3OEr%,)(2p 35)*COCEFZD(3# 35)1/go 419Z01S2/
DAT A C:)D a- ) (I o 36) 9CODERD(2s 36)9C0D2RD(3# 36)/109 42,ZO30F/

-DATA -CDERR0l -37) *C-JDiO 2# 02-37 # CQCER(3# 37 )-/ e 9-38 oZ OODO/-
DATA C3:).7:D( It 38)9.CDERD(2* 3 q .CODER:)(3.# 38)/ 09 40*ZOOCF/

-DATA CCDO RD(1. 2 3) oC0DERD(2o 3591.CCOERD(39 ; 7. 569ZO070/
D ATA C:)DERO(1, 40 ) 9 XE RO( 2 40)*C0DEPD(3.v 401/ S. 469ZOOCE/
DATA CZD.RD(1. 41)9CODEFO(2o 41)vCEDFRD:(3. 41)/ go 47,20191/
DATA COJERD(1. 42)*CODE-RD(Zo 42)*C00E7Z0C3o 42)/IC. 42*ZO30E/
L)AT A C,D ED ( 1 43)9C3DERDC2# 431,CODERD(Ze 43)/IC, 449Z3L)/
DATA CU:D RD(1. 44)9C0DEF.D(2v 44)sCDD FN39 44)/IC. 4592030C/
DATA C3DZRD( 1 -45)9CD0ERO(2. -4-) oCQOERD( 3.9-45)/109 48f.03/
DATA C'D =RO(19 46)9CJDFRD(2# 46)oCODERD(3 46)/ e. 63*ZOBO/
DATA C5DNEO(1. 47) s C 0~(2 4 7) CVOERD C - 471/ S. 64,Z0190/
D AT A C3 DR D( 1 4 3) sC ZDDERD(2,v 148) CDC'!D(3 o 48)1/109 67,ZD3OA/
DATA CODERD(lo 4;l)cC'%RD(2o 49)#C0DEFRD(39 49)/Il. 72o20608/
.)AT A CD3Jr- 0( I 50)sC00 HD(2o.501 oCCOJRD(Z 50J/ 4. 53.20003-/
D AT A CODED(l v 51 ), C JERD (2 v 51)#CODEFRD(3@ 511/ 69 55.0020/
DATA COOERD(1. 52)PCOOERD(2o 521,CCCEPD(3.9 52)/ 5. 549Z00O1/
D ATA MWEDRN 1 97 53'? 9C00FR ( 2 9 '5 2 iCOOftD( ; -52 )/ 4, 1 79Z000- /
DATA CODERO(A.. 54),CODERD(29 54)oCODERD(5. 54)/ 5, 19,20002/
DATA C:) DERD ( 1 55)PCODERD(29 55),COOER)(29 55)/ f, 11,Z003C/
DATA CODED~R(l 56)oCODEFD(2o 56)9C0CE*D(3# 56)/19~ 57.23072/
DATA C03ERD(1. 57)#CODiR9(2# 57)9CCDER0(C3, 57)/ 7. 5892007I/
OATA C:),) R 0(1v 51)CUDERD(29 381,CODErD(3* 58)/ 7. 59.20073-/
DATA CODERO(1. 59)*CDDERD(2- 59)9COCERD(3,o 591/ 7. b0.1006F/
D AT A CDD3RD( I 60)#CD0LRD(29 b0) 9COD R) 93 6C)/ 79 619ZOuL/

~AAD~0i-61 ) 9CDEFD(Zo 6T)-oC0C;-PDf; 61)/ 79 62,200601
DATA CD)):D2R(1. 62)tCODEF&D(29 621.CDDERD(39 62)/ 7. 10,ZO06C/
D~ATA CCDRD(l9 63)9CJOERD(2p 63)91'0E7%D(Zv 63)/ Et 49ZOOCC/
DATA CJL)E&DC1 9 6,1 ),ZDEFD)(29 64)*C0OEP0(3, 64)/9 659ZOISF/
DAT A CODERD(. b 5) oCODERD(2* F-5)*CODERDC 3, 65)/ go 66,ZO18E/

P-16 UNCLASSIFIED



OAT A C03D-RO(1. 6 6) sC J D ER 2 e 6)9C0OERD(3v ft6)/ go 929ZOl8C/
ATA C:3-5cD( I 67)eCODEF.D(2* t 7) *CCDSRO (-v 67)/109 6d #Z030 /

OAT~ A C3ER 0(U 69 ) , ZJiFD ( 2 68),CODERD(3, 6e)/IC9 69#ZO30d/
DATA C3)d RO(lv 69) #CaDERD(2,p S vCfDE~3(3. 69)/109 709Z0307/
DAT A C3)-R.)( I 70 ) qC J0ZF.3(2 s 73) iC0CQDC! s 70)/IC, 716Z0306/
.AT A CJEDS0( I 71). C3D:' L)(2 9 ?1)9COCER)(2.9 72)/ICV I'gZ0305/

DATA Coo D-RD (1* 72 1 sC3 RD)( 2 * 72)9CCOERD(39 72)/Il. 73tZ0607/
:)AT~ %C33EAD(1. 73 ) 9C UC'ED( 2 # 13) 9COCERI( 3 t 73)/119 74#ZO6OE/
D)ATA CZ2DSRD(1. 74) .CODERW(29 74.)*C0OERD(3. 74)/1l9 9l.Z0604/
D AT A CZ) 0ER (l1, 75 J#C DR)( 2 15) 9CO RD ( 3 75)/'129 7foZOCO?/
D ATA C(0D' :D(I p 76) v" DD Q (2 76 ) #CCDEAD (Zv 76)/12* 93*ZOC06/
:)AT A COJ g D( 1 77 )v C0OCCFVL(2. 9 7)qCCDeR'D(3# 77)/13# 789Z1809/
:ATA CaDEnD(I # 73)vC0CD(2# 786),C(CEF0D(3q 78)/129 79*Z1808/
DATA C03ERD(ls 79) .C00ERO(2. ?9l*C0DeRo(2.q 79)/l12, 8IZlBO7/
D AT A CODMl OtIs 0)*COCERD(2* 8O),COOER!D(Ze 130'1/I;* 82tZ300b/
DAT^ CDJiERO(I. 81)*C3DEAD(2. 81htCOCEPO(29 81)/129 82@Z18041
DATA CD3'RD(1. 82)*COD)ERO(2# A2)iC0OEq-n(3* 82)/14- 643007/
DATA COD2R0(1. 83)9CODEFAO(2* 83)*C0CEF0(3* 83)12* 859ZI806/
:)ATA 00043( 1# 84)*C0DE:RO(2s 84)9COOERD(39 84)/i-;. 879Z60C7/
OATA CCDZRD1.. S5)*C3O~rD(2* $S)sCOES1O(3* 85)/12, 809Z1805/
D)ATA 00 ER.) (I * 36) C3DER.(2* 86),CCOERD(39 86)/149 139 *Z3 005/
3ATA CODER(l 19 7) *CD2rO( 2s 87),CCOSRD(19 87)/It. 88,Z6006/
DATA COOERDOl. 8.3)9C3OEPD(Z 88h9CCDER3(3g 88)/15. 90*Z60041
DATA CDDE~t-4( .v89)9COCER3(2* 89)*CCCERD(39 89)/149 84oZ3004/
DATA CJDEAD(1. 9'0)*CUDER0(2* 90)*COOERD(39 9C0)/15* 94sZ6005/
D3ATA CDD5ERt( I 91 ) CODdFRD(2 s g1)*COOERD(39 91)/119 7540O605/
0 AT A 00tD N(1 92)*CO0ERD(2o 92)9C00ERD(39 S2)/ So 2*ZOleD/
DATA COZDERO(le 93)*CODERD(29 93),COOERD(39 93)/129 779ZOC05/
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